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ENRICHMENT METHOD FOR VARIANT PROTEINS WTTH ALTERED BINDING PROPERTIES 

FIELD OFTHEMVENTION 

5 This invention relates to the preparation and systemalic selection of novel ixnding proteins having 

altered tending properties for a target molecule. Specifically, this invention relates to methods for producing 
foreign polypeptides mimicking the t)inding activity of naturally occumng binding partners. In prefened 
embodiments, the invention is directed to the preparation of therapeutic or diagnostic compounds that mimic 
proteins or nonpeptidyl molecules such a hormones, dmgs and other small molecules, particularly biologically active 
10 molecules such as growth hormone. 

BACKGROUND OF THE INVENTION 

Binding partners are substances that specifically bind to one another, usually through noncovalent 
interactions. Examples of binding partners include Ggand-receptor, antibody-antigen, dmg-target, and enzyme- 
substrate interacttons. Binding partners are extremely useful in both therapeutic and diagnostic fields. 

1 5 Binding partners have been produced in the past by a variety of methods including; harvesting them 

from nature (e.g., antibody-antigen, and ligand-receptor pairings) and by adventitious identification (e.g. 
traditbnal dmg development employing random screening of candidate molecules). In some instances these two 
approaches have been combined. For example, variants of proteins or polypeptides, such as polypeptide 
fragments, have been made that contain key functional residues that partksipate in binding. These polypeptide 

2 0 fragments, in turn, have been derivatized by methods akin to traditional dnjg development An example of such 
derivitizatton wouM include strategies such as cyclization to conformattonally constrain a polypeptide fragment to 
produce a novel candidate binding partner. 

The problem with prior art methods is that naturaDy occupying Rgands may not have proper 
characteristics for all therapeutic applications. Addittonally, polypeptide ligands may not even be available for 

25 some target substances. Furthermore, methods for making non-naturaliy occurring synthetic binding partners 
are often expensive and difficult, usually requiring complex synihetx; methods to produce each candidate. The 
inability to characterize the structure of the resulting candidate so that rational dnig design methods can be 
applied for further optimizatton of candidate molecules further hampers these methods. 

In an attempt to overcome these problems, Geysen (Geysen. Immun. Today. 6 ^64-369 [1985]); and 

30 (Geysen e/a/.. Mol. Immun.. 23:709-715 [1986]) has proposed the use of polypeptide synthesis to provkle a 
framework for systematk: iterative binding partner identiflcatton and preparation. According to Geysen etaU 
Ibid, short polypeptides, such as dipepttdes, are first screened for the ability to bind to a target molecule. The 
most active dipeptides are then selected for an additional round of testing comprising linking, to the starting 
dipeptide, an additional residue (or by intenially modif^ng the components of the original starting dipeptide) and 

35 then screening this set of candidates for the desired activity. This process is reiterated until the binding partner 
having the desired properties is kJentified. 

The Geysen et aS. method suffers from the disadvantage that the chemistry upon which it is based, 
peptide synthesis, produces molecules with ill-defined or variable secondary and tertiary structure. As rounds of 
iterative selection progress, random interactions accelerate among the various substituent groups of the 

40 polypeptide so that a true random population of interactive molecules having reproducible higher order structure 
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becomes less andlessaflainabte. Fbrexample, interacfions between sidetiiains of amino aci^ 
sequentially wdely separated but which are spatially neighbors, freely occur. Furthermore, sequences that do not 
facflitale confbrmatlonally stable secondary structures provide complex peptide-sidechain interactions which may 
prevent skfechain interactions of a given amino add vwlh the target molecule. Such complex interactions are 
5 facintaled by the fiexibiRty of the polyamide backbone of the polypeptide candidates. Additionally, candidates 
may exist in numerous conformations making it difficult to Wentify the confbrmer thatinteracte or binds to the 
target with greatest affinity or spedfici^ complicating rational drug design. 

A final problem with the Iterative poiypepfide method of Geysen is that, at present, there are no 
praclical methods with which a great diversity of different peptides can be produced, screened and analyzed. By 

1 0 using the twenty naturally occurring amino adds, the total number of all combinations of hexapepfdes that must 
be synthesized is 64,000,000. Even having prepared such a diversity of peptktes, there are no methods availabfe 
with whfch mixtures of such a diversity of peptides can be rapkJIy screened to select those peptides having a high 
affinity for the terget molecule. At present, eadi "adherenr peptide must be recovered in amounts large enough 
to carry out protein sequendng. 

1 5 To overcome mary of the problems inherent in the Geysen approach, biotogkal setection and screening 

waschosenasanaltemative. Bkjiogfcal selections and screens are powerful tools to probe protein function and to 
isolate variant proteins with desirable properties (Shortle, Pfotfiin gnqineerinn. Oxender and Fox, eds., A.R. Liss. 
Inc, NY, pp. 103-108 [1988D and Bowie ef af..SflfiIB&247:1306-1310 11990)). However, a given selectton or 
screen is applkable to only one or a small number of related proteins. 

20 Recently, Smith and coworkers (Smith, Sdgncg. 228: 1315-1317 (19851) and Pannley and Smith, SfiDfi, 

73d05-318 [19851 have demonstrated that small protein fiagmente (10-50 amino adds) can be "displayed" 
effidenUy on the surface of filamentous phage by inserting short gene fitagmente into gene III of the fd phage 
("fijsion phage"). The gene III minor coat protein (presentin aboutS copies at one end of the virton) is important 
for proper phage assembly and for mfectfon by attachment to the piB of £ coff (see Rasched etal. . MMid. 

25 Rev.. 50: 401 -427 [1986]). Recently, "fusion phage" have been shown to be useful for displaying short mutated 
peptkle sequences tor identi^'ng peptides that may react with antibodies (Scottef a/..SGiSQ&£.249: 386-390. 
[1990] )and Cwiria pf a/ Pmr. toati Acad. U.S.A 87: 6378-6382, 119901).or a foreign protein (Devlin etal^ 
Science. 249: 404-406 (19901). 

There are, however, several important limitatfons in using such "fusion phage" to klentify altered 

30 peptkles or proteins with new or enhanced binding properties. First, it has been shown (Pamiley e/a/.,fisn£.73: 
305-318, [1988]) that fusion ;*iage are useful only for displaying proteins of less than 100 and preferably less 
than 50 amino add resWues, because large inserts presumably disnjpt the functton of gene III and therefore phage 
assembly and infectivity. Second, prior art methods have been unable to setect peptides from a library having the 
highest binding affinity for a target molecule. For example, after exhaustive panning of a random peptide library 

35 «nth an anti-p endorphin monodonal antibody, Omria and co-wori(ers could not separate moderate affiraty 
peptides (Kd - 10 nM) from higher affinity peptides (Kd -0.4 fiM) fused to phage. Moreover, the parent p- 
endorpWn peptide sequence which has very high affinity (Kd - 7nM), was not panned fi-om the epitope library. 

Ladner WO 90/02802 disdoses a method for selecting novel binding proteins displayed on the outer 
surface of cells and viral partides where it is contemplated that the heterotogous proteins may have up to 1 64 
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amino add residues . TTie mettxxi contemplates isolating and amplifying the displayed proteins to engineer a new 
family of binding proteins having desired affinity for a target molecule. More specilically, litdner discloses a 
fusion phage' displaying proteins having 'initial protein binding domains' ranging from 46 residues (crambin) to 
164 residues (T4 lysozyme) fused to the M13 gene III coat protein. Ladner teaches the use of proteins 'no larger 
5 than necessary" because it is easier to arrange restriction sites in smaller amino add sequences and prefers the 58 
amino add residue bo\rine pancreatic trypsin inhibitor (BPTI). Small fusion proteins, such as BPTI, are prefenred 
when the target is a protein or macromolecule, while larger fusion proteins, such as T4 lysozyme, are prefenred for 
small target molecules such as steroids because such large proteins have defts and grooves into which small 
molecules can fit. The preferred protein, BPTI, is proposed to be fused to gene III at the site disdosed by Smith 

1 0 et ai or de la Cruz e/af., J. Biol. Chem.. 263: 4318-4322 [1988], or to one of the temftinii, along with a second 
synthetic copy of gene III so that 'some' unaltered gene III protein will be present, ladner does not address the 
problem of successfully panning high affinity peptides from the random peptide library which plagues the 
biologicai selection and screening methods of the prior art 

Human growth honnone (hGH) partidpates in much of the regulation of normal human growth and 

1 5 development. This 22,000 dalton pituitary honnone exhibits a multitude of biological effects induding linear 
growth (somatogenesis), lactation, activation of macrophages, insulin-like and diabetogenic effects among others 
(Chawia. R, K. (I9S3) Ann. Rev. Med. 34. 519; Edwards. C. K. et al. (1988) Sdence 239. 769; Thomer, M. 0., et al. 
(1988) J. gin. Invest. 81. 745). Growth hormone deficiency in children leads to dwarfism which has been 
successfully treated for more than a decade by exogenous administration of hGH. hGH is a member of a family of 

20 homologous homiones that indude placental lactogens, prolactins, and other genetic and spedes variants or growfli 
honnone (Nicoll, C. S., ef a/.. (1986) Endocrine Reviews 7. 169). hGH is unusual among these in that it exhibits broad 
species specifidty and binds to either the doned somatogenic (Leung. D. W., e/a/., fl987| Nature 330. 537) or 
prolactin receptor (Boutin, J. M.,ef a/., [1988] £s: Si 69). The doned gene for hGH has been expressed in a 
seaeted fonn in EschericNa o^li (Chang, C. N., et af., P987] jSeog SS, 189) and its DN A and amino add sequence has 

25 been reported (Goeddel, Bt al, [1979] Nature 281. 544; Gray, et ah, P985] Qeng^, 247). The three-dimensional 
stmcture of hGH is not available. However, the three-dimensional folding pattern for porcine growth hormone 
(pGH) has been reported at moderate resolution and refinement (Abdel-Meguid, S. S., etai, [1987] Proc. Natl. 
Acad. Sci. USA 84. 6434). Human growth honnone's receptor and antibody epitopes have been Identifted by 
homolog-scanning mutagenesis (Cunningham etai. Science 242; 1330, 1989). TTie stnicture of novel amino temiinal 

3 0 methionyl bovine growth hormone contairvng a spliced-in sequence of human growth homione induding histidine 1 8 
and histidine 21 has been shown (U.S. Patent 4,880.910) 

Human growth homione (hGH) causes a variety of physiological and metabolic effects in various animal 
models induding linear bone growth, lactation, activation of macrophages, insulin-like and diabetogenic effects and 
others (R. K. Chawia etah, Anna. Rev. Med 34, 519 (1983); 0. G. P, Isaksson ef a/., Armu. Rev. Physiol 47, 483 

35 (1985); C. K. Edwards etal, Science 239, 769 (1988); M, 0. Thomer and M. L Vance. J. Qia Invest 82. 745 
(1988); J. P. Hughes and H. G. Friesen, Ann. Rev. Physiol 47, 469 (1985)). These biological effects derive from 
the interaction between hGH and spedfic cellular receptors.. 

Accordingly, it is an object of this invention to provide a rapid and effective method for the systematic 
preparation of candidate binding substances. 
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It is another otjject of this invenlion to prepare candidate binding sul)stances displayed on surface of a 
phagemid pariide that are confoimalionally stat)le. 

It is another object of this invention to prepare candidate binding substances comprising fusion proteins 
of a phage coat protein and a heterologous polypeptide where the polypeptide is greater than 100 amino acids in 
5 length and may be more than orve suburit and is tf splayed on a phagemid particle where the polypeptide is encoded 
by the phagemid genome. 

It is a further object of this invention to provide a method for the preparation and selection of binding 
substances that is sufficiently versatile to present, or display, all peptidyl moieties that could potentially 
parficipalB in a noncovalent binding interaction, and to present these moieties in a fashion that is sterically 
10 confined. 

Stfll another ot^ect of the invenfion is the production of growth homione variants that exhil»t stronger 
. affinity for growth homione receptor and binding protein. 

It is yet another object of this invention to produce expression vector phagemids that contain a 
suppressiWe termination codon functionally located between the heterologous polypeptide and the phage coat 
1 5 protein such that detectable fusion protein is produced in a host suppressor cell and only the heterologous 
polypepfide is produced in a non-suppressor host cell. 

Rnally. it is an oljject of tWs invention to produce a phagemid partide that rarely displays more than one 
copy of candidate binding proteins on the outer surface of the phagemid particle so that efficient selection of high 

affin'^ txnding proteins can be achieved. 
20 Theseandotherol^ectsof thisinventionvnllbeapparentfromconsiderationof the invention as a whole. 

SUMMARY OFTHE INVENTION 

These objectives have been actwved by providing a method for selecting novel binding polypeptides 
comprising: (a) constrocting a replicable expression vector comprising a first gene encoding a polypeptide, a 
second gene encoding at least a portion of a natural or wild-type phage coat protein vnherein the first arel second 

25 genes are heterologous, and a transcription regulatory element operaWy Hnked to the first and second genes, 
thereby forming a gene fusion encoding a fusion protein; (b) mutating the vector at one or more selected positions 
within the first gene thereby fonning a family of related plasmids; (c) translbmiing suitable host cells with the 
plasmids; (d) infecfing the transfonned host cells with a helper phage having a gene encoding the phage coat 
protein; (e) culturing the transfonned infected host cells under conditions suitable for fonning recombinant 

3 0 phagemid partides containing at least a portion of the plasmid and capable of transfomiir^ the host, the 

conations adjusted so that no more than a minor amount of phagemid panicles displ^ more than one copy of the 
fusion protein on the surface of the partide; (f) contacting the phagemid partides with a target molecule so that 
at least a portion of the phagemid particles bind to the target molecule: and (g) separating the phagemid 
partides that bind firwn those that do not. Preferably, the method further comprises transfonning suitable host 

35 cells with recombinant phagemid partides that bind to the target molecule and repeating steps (d) through fe) 
one or more times. 

Additionaily. the method for selecting novel binding proteins where the proteins are composed of more 
than one subunit is achieved by selecting novel binding peptides comprising constwcting a replicable expression 
vector comprising a transcription regulatory etement operaWy linked to DNA encoding a protein of Interest 
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containing one or more subunits, wherein the DNA encoding at least one of the silxinlts is fused to the DNA 
encoding at least a portion of a phage coat protein;mutating the DNA encoding the protein of interest at one or 
more selected positions thereby fomfiing a family of related vectors; transforming suitable host cells with the 
vectors; infecting the transformed host cells with a helper phage having a gene encoding the phage coat protein; 
5 culluring the transfomied infected host cells under conditions suitable for fomning recombinant phagemid 

particles containing at least a portion of the plasmid and capable of transforming the host, the conditions adjusted 
so that no more than a minor amount of phagemid particles display more than one copy of the fusion protein on the 
surface of the particle; contacting the phagemid particles with a target molecule so that at least a portion of the 
phagemid particles Isnd to the target molecule; and separating the phagemid particles that bind from those that 
10 do not. 

Preferably In the method of this invention the plasmid is under tight control of the transaipBon 
regulatory element, and the culturing conditions are adjusted so that the amount or number of phagemid particles 
displaying more than one copy of the fusion protein on the surface of the particle is less than about 1 %. Also 
preferably, amount of phagemid particles displaying more than one copy of the fusion protein is less than 10% the 
1 5 amount of phagemid particles displaying a single copy of the fusion protein. Most preferably the amount is less 
than 20%. 

Typically, in the method of this invention, the expression vector will further contain a secretory signal 
sequences fused to the DNA encoding each subunit of the polypeptide, and the transcription regulatory element 
will be a promoter system. Prcfenred promoter systems are selected from; Lac Z, Apu TAG, T 7 polymerase, 

2 0 tryptophan, and alkaline phosphatase promoters and combinations thereof. 

Also typically, the first gene will encode a mammalian protein, preferably the protein will be selected 
from; human growth hormone(hGH). N-mettiionyl human growth hormone, bovine growth honnone, parathyroid 
hormone, thyroxine, insulin A-chain, insufin B-chaln, proinsuOn, relaxin A^liain, relaxin B^hain, prorelaxin, 
glycoprotein hormones such as follicle stimulating hormone{FSH), thyroid stimulating hormonefTSH), and 

25 leutinizing hormone(LH), glycoprotein hormone receptors, calcitonin, glucagon, factor VIII. an antibody, lung 
surfactant, urokinase, streptokinase, human tissue-type plasminogen activator (t-PA), bombesin, factor IX, 
thrombin, hemopoietto growth factor, tumor necrosis factor-alpha and -beta, enkephalinase. human serum albumin, 
mullerian-inhibiting substance, mouse gonadotropin-assodated peptide, a microbial protein, such as 
belalactamase. tissue factor protein, inhibin, activin, vascular endothelial growth factor, receptors for homiones 

30 or growth factors; integrin. thrombopoietin. protein A or D, rtieumatokJ factors, nerve growth factors such as 
NGF-p, platelet-growth factor, transforming growth factors (TGF) such as TGF-alpha and TGF-beta, insulin- 
like grov* factor-l and -II, Insulin-like growth factor binding proteins , CD-4, DNase, latency assodated peptide, 
erythropoietin, osteoinductive factors, interferons such as interferon-alpha. -beta, and -gamma, colony 
stimulating factors (CSFs) such as M-CSF, GM-CSF. and G-CSF. interieukins (ILs) such as IL-1, IL-2, IL-3, IL- 

35 4, superoxide dismutase; decay accelerating factor, viral antigen, HIV envelope proteins such as GP120. GP140, 
atrial natriuretic peptides A. B or C, immunoglobulins, and fragments of any of the above-listed proteins. 

Preferably the first gene will encode a polypeptide of one or more subunits containing more than about 
100 amino add residues and will be folded to fomi a plurality of rigid secondary stnjctures displaying a plurality 
of amino adds capable of interacting witti the target. Preferably the first gene will be mutated at codons 
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corresponding to only the amino acids capable of interacting with the target so that the integrity of the rigid 
secondary structures mil be preserved. 

Normally, the method of this invention will employ a helper phage selected from; M13K07, M13R408, 
M13-VCS, and Phi X 174. The preferred helper phage Is Mt3K07, and the preferred coat protein is the M13 
5 Phage gene lllcoatprotein. The preferred host is E*a)//, and protease deficiemstr^^ Eco//. NoveIhGH 
variants selected by the method of the present invention have been detected. Phagemid expression vectors were 
constructed that contain a suffKessible temnination codon functionally located between the nucleic acids encoding 
the polypeptide and the phage coat protein. 

BRIEF DESCRIPTION OFTHE HGURES 

1 0 FIGURE 1. Strategy for displaying large proteins on the surface of filamentous phage and enriching for 

altered receptor binding properties. A plasmid, phGH-M13glll was constructed that fuses the entire coding 
sequence of hGH to the cartx)xyl terminal domain of M13 gene III. Transcription of the fusion protein is under 
control of the lac promoter/operator sequence, and secretion is directed by the stil signal sequence. Phagemid 
particles are produced by infection with the 'helper* phage, Mt3K07, and particles displaying hGH can be 

1 5 enriched by binding to an affinity matrix containing the hGH receptor. The wild-type gene III (derived from the 
M13K07 phage) is diagramed by 4-5 copies of the multiple arrows on the tip of the phage, and the fusion protein 
(derived from the phagemid, phGH-M13glll) is indicated schematicaliy by the folding diagram of hGH replacing 
the arrow head. 

FIGURE Z Immunoblot of whole phage particles shows thathGH comigrates with phage. Phagemid 
20 particles purified in a cesium chloride gradient were loaded into duplicate wells and eiectrophoresed through a 1% 
agarose gel in 375 mM Tris, 40 mM glycine pH 9.6 buffer. The gel was soaked in transfer buffer (25 mM Tris, pH 
S3, 200 mM glycine. 20% methanol) containing 2% SDS and 2% p-mercaptoethano! for 2 hours, then rinsed in 
transfer buffer for 6 hours. The proteins in the gel were then electrobtotted onto immobilon membranes 
(Millipore). The membrane containing one set of samples was stained with Coomassie blue to showthe position of 

25 the phage proteins (A). The duplicate membrane was immuno-stained for hGH by reacting the membrane with 
polyclonal rabbit anti-hGH antibodies followed by reaction with horseradish peroxidase conjugated goat anti- 
rabbit IgG antibodies (B). Lane 1 contains the M13K07 parent phage and is visible only in the Coomassie blue 
stained membrane, since it lacks hGH. Lanes 2 and 3 contain separate preparattons of the hormone phagemid 
particles which is visible both by Coomassie and hGH Immuno-staining. The difference in migratbn distance 

30 between the parent M13K07 phage and hormone phagemid partk:les reflects the different size genomes that are 
packaged within (8.7 kb vs. 5.1 kb. respectively). 

FIGURE 3. Summary diagram of steps in the selection process for an hGH-phage library randomized at 
codons 172, 174, 176, and T78. The template molecules, pH0415, containing a unique Kpnl restriction site and the 
hGH(R178G,l179T) gene was mutagenized as described In the text and eleclrotransfonned into £ coli strain 

35 WJM101 to obtain the initial phagemid library, library 1 . An alkjuot (approximately 2%) from Library 1 was used 
directly in an Initial selection round as described in the text to yield Library 1G. Meanwhile, double-stranded ONA 
(dsDNA) was prepared from Library I, digested with restriction enzyme Kpnl to eliminate template background, 
and electrotransformed Into WJM101 to yield Library 2. Subsequent rounds of selection (or Kpnl digestion, 
shaded boxes) followed by phagemid propagation were carried out as indicated by the arrows, according to the 
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procedure described in the text. Four independent clones from library 4G^ and four independent clones from 
Library SG^ were sequenced by dideoxy sequencing. All of these clones had the identical DMA sequence, 
corresponding to the h6H mutant (Glu 174 Ser, Phe 176 Tyr). 

FIGURE 4. Structural model of hGH derived from a 2.8 A folding diagram of porcine growth hormone 
5 determined crystallographically. Location of residues in hGH that strongly modulate its binding to the hGH- 
binding protein are within the shaded circle. Alanine substltufions that cause a greater than tenfold 
reduction(*), a four- to tenfold reduction (•), or Inaease (O), or a two- to fourfold redxtion (•), in binding 
affinity are indicated. Helical wheel projections in the regions of a-helix reveal their amphipathic quality. 
Blackened, shaded, or nonshaded residues are charged, polar, or nonpolar, respectively. In helix4 the most 

1 0 important residues for mutation are on the hydrophilic face. 

FIGURE 5. Amino add substitutions at positions 172, 174, 176 and 178 of hGH (The notation, e.g. 
KSYR. denotes hGH mutant 172K/174S/176Y/178R.) found after sequencing a number of clones from rounds 1 
and 3 of the selection process for the pathways indicated (hGH elution; Glycine elutton; or Glycine elutton after 
pre-adsorption). Non-functional sequences (i.e. vector background, or other prematurely terminated and/or 

1 5 frame-shifted mutants) are shown as "NP. Functional sequences which contained a non-silent, spurious mutation 
(i.e. outside the set of target reskiues) are marked with a V. Protein sequences which appeared more than once 
among all the sequenced clones, but with different DN A sequences, are marked with a T. Protein sequences 
whk:h appeared more than once among the sequenced ctones and with the same DMA sequence are marked with a 
Ftote that after three rounds of selectbn, 2 different contaminating sequences were found; these clones dkJ 

20 not correspond to cassette mutants, but to previously oonstnKted hormone phage. The pS0643 contaminant 
corresponds to wild-type hGH-phage (hGH 'KEFR"). The pH0457 contaminant, which dominates the third- 
round glycine-selected pool of phage, corresponds to a previously Identified mutant of hGH. 'KSYR.' The 
amplificatton of these contaminants emphasizes the ability of the honnone-phage selection process to select for 
rarely occumng mutants. The convergence of sequences is also striking in all three pathways: R or K occurs most 

25 often at positions 172 and 178; Y or F occurs most often at positton 176; and S, T, A, and other residues occur at 
positton 174. 

FIGURE 6. Sequences from phage selected on hPRLbp-beads in the presence of zinc. The notation is 
as described in Figure. 5. Here, the convergence of sequences is not predictable, but there appears to be a tMas 
towards hydrophobic sequences under the most stringent (Glycine) selection conditions; L ,W and P residues are 
3 0 frequently found in this pool. 

FIGURE 7. Sequences from phage selected on hPRLbp-beads in the absence of zinc. The notation is as 
described in Figure 5. In contrast to the sequences of Figure. 6, these sequences appear more hydrophilic. After 
4 rounds of selectk)n using hGH elutbn, two ctones (ANHQ, and TLDT/171V) dominate the pool. 

FIGURE & Sequences from phage selected on blank beads. The notatton is as described in Rg. 5. After 
35 three rounds of selectton with glycine elution, no siblings were observed and a background level of non-functional 
sequences remained. 

FIGURE 9. Constniction of phagemid fl ori from pH0415. This vector for cassette mutagenesis and 
expression of the hGH-gene III fusion protein was constructed as follows. Plasmid pS0643 was constructed by 
oligonucleotide-directed mutagenesis of pS0132, which contains pBR322 and fl origins of repltoalion and 
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expresses an hGJfgene III fusion protein (hQH residues 1-191. followed by a single Qly residue, fused to Pro-198 
of gene III) under the contrpf of the LMfltlflA promoter. Mutagenesis was carried out with the oligonucleotide 
5'.6GC A6C-TGT-GGC-TICJAfi:AGT-GGC-GGC-GGC-TCT-GGT-3', which introduced a Ml site 

(underlined) and an amber stop codon (T AG) following Phe-191 of hGH. 
5 FIGUREia A.DIagamofplasmidpDH188lnsertcontainingtheDNAencodingthelightchainand 

heavychain(variab(eandconstantdomain i)oftheFabhumanizedantibodydirectedtotheHER-2rBceptor. Vl 
and Vh are the variable regions fbrthelightand heavy chains. respedfvBly. Cfc is the constant region of the human 
kappa nght chain. CHIqi is the first constant region of the human gamma 1 chain. Both coding regions start with 
the bacterial st 11 signal sequence. B. A schematic diagram of the entire plasma pDH188 containing the insert 
1 0 described in 5A. After transformation of the plasmid into £ coffSRIOl cells and the addition of helper phage, 
the iSasmId is packaged into phage particles. Some of these particles display the Fab-p HI fusion (where p III is 
the protein encoded by the M13 gene III DNA). The segments in the plasmid figure correspond to the insert shown 
inSA. 

FIGURE llAthrough Care collectively leleired to here as Figure 11. ■nienucleolide(Seq. IDNo.2g 
15 sequenceoftheDNAencodinglhe4D5Fabmoleajleexpressedonthephagemidsurface. The amino add sequence 
of the li^ chain is also shown (Seq. ID No. 26), as is the amino add secjjence of the heavy chainp III fusion (Seq. ID 
No. 27). 

RGURE12. Enrichment of wild-^4D5 Fab phagemid from variant Fab phagemid. Mixtures of wfld- 
type phagemid and variant 4D5 Fab phagemid in a latto of 1:1 .000 were selected on plates coated with the extra- 

20 cellular domain protein of the HER-2 receptor. After each round of selection, a portion of the eluted phagemid 
were infected info £ ceffand plasmid DNA was prepared. This plasmid DNA was then digested with £co RV and 
Psf I, separated on a 5% polyacrylamide gel. and stained with ethidium Iromide. The bands were visuaTced uider 
UV light The bands due to the wild-type and variant plasmtds are marked with arrows; The first nound of 
selecb'on was eluted only under add conditions: subsequent rouids were eluted with either an add elution (tefl 

25 ^de of Rgure) or with a humanized 4D5 antibody wash step prior ta add elution (right side of Figure) using 
mettxxls described in Example VIII. Three variartt 4D5 Fab molecules weremade: H91 A (amino add histidine at 
posifion 91 on the Vl chain mutated to alanine; indicated as W lanes in Rgure), Y49A (am&io add ^osine at 
posifion 49 on the Vtchain mutated to alanine; indicated as 'B' lanes In the Figure), and Y92A (amino add ^ffoslne 
at posifion 92 on the Vl chain muteted to alanine; indicated as V lanes in the Figure). Amino add positfon 

30 numbering is according to Kabat et aL,(Se(piences offmlems aimmnobgical irOerest, 4th ed., U.S. Dept of 
Health and Human Sennees, PuMfc Health Service. NaO. Institute of Health, Bethesda. MD [1987]). 

HGURE13. The Scatchard analysis of the RIA aflini^ detennination described in Experimental 
Protocols is shown here. The amount of labeled ECD anfigen that is bound is shown on the x-axis while the amount 
that Is bound divided by the amount that is free is shovw) on the y-axis. The slope of the One Incficates the Ka: the 

35 calculated Kd Is 1/Ka- 



wo 92/09690 



9 



PCr/US91/09133 



DETAILED DESCRIFHON OF THE INVENTION 

The following discussion will be best understood by referring to Rgure 1 . In its simplest form, the 
method of the instant invention comprises a method for selecting novel binding polypeptides, such as protein 
ligands, having a desired, usually high, affinity for a target molecule from a library of structurally related Mnding 
5 polypeptides. The library of stnjcturally related polypeptides, fused to a phage coat protein, is produced by 
mutagenesis and, preferably, a single copy of each related polypeptide is displayed on the surface of a phagemld 
particle containing DNA encoding that polypeptide. These phagemld particles are then contacted with a target 
molecule and those particles having the highest affinity tor the target are separated from those of lower affinity. 
The fiigh affinity binders are then amplified by infecfion of a bacterial host and the competilive binding step is 
1 0 repeated. This process is reiterated unfil polypeptides of the desired affinity are obtained. 

The novel binding polypeptides or ligands produced by the method of this invention are useful per se as 
diagnostics or therapeutics ( eg. agonists or antagonists) used in treatment of biological organisms. Structural 
analysis of the selected polypeptides may also be used to faciOtate rational drug design. 

By 'binding polypeptide" as used herein is meant any polypeptide that binds with a selectable affinity \q 
1 5 a target molecule. Preferably the polypeptide will be a protein that most preferably contains more than about 
100 amino add residues. Typcally the polypeptide wll be a hormone or an antibody or a fragment thereof. 

By "high affinity as used herein is meant an affinity constant (Kj ) of <10"5 M and preferably <10-^M 
under physiological conditions. 

By 'target molecule' as used herein is meant any molecule, not necessarily a protein, for which it is 
20 desirable to produce a ligand. Preferably, however, the target will be a protein and most preferably the target 
vAW be a receptor, such as a hormone receptor. 

By 'humanized antibody" as used herein is meant an antibody in which the compiementarity-detennining 
regions (CDRs) of a mouse or other non-human antibody are grafted onto a human antibody framewortc. By human 
antibody framework is meant the entire human antibody excluding the CDRs. 

25 L Choice of Pohmep tid^ for Display on the Surface ofaPhaae 

The first step in the method of this invention is to choose a polypeptide having rigid secondary 
structure exposed to the surface of the polypeptide for display on the surface of a phage. 

By "polypeptide' as used herein is meant any molecule whose expression can be directed by a specific 
DNA sequence. The polypeptides of this invention may comprise more than one subunit, where each subunit is 
30 encoded by a separate DNA sequence. 

By 'rigid secondary structure" as used herein is meant any polypeptide segment exhibiting a regular 
repeated structure such as is found in; a-helices. 3io helices. Tc-helices, parallel and antiparallel p-sheets. and 
reverse turns. Certain 'non-ordered' structures that lack recognizable geometric order are also included in the 
definition of rigid secondary stnx;ture provkled they form a domain or 'patch" of amino acid residues capable of 
35 Interaction with a target and that the overall shape of the stmcture is not destroyed by replacement of an amino 
add within the structure . It is believed that some non-ordered structures are combinations of reverse turns. The 
geometry of these rigid secondary structures is well defined by (|> and v torsfonal angles about the a-carbons of 
the peptide "backbone". 
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The requifBrnent that the secondary structure be exposed to the surface of the polypeptide is to 
provide a domain or 'patch" of amino add residues that can be exposed to and bind with a target molecule. It is 
primarily these amino add residues that are replaced by mutagenesis that form the "library" of structurally 
related (mutant) binding polypeptides that are displayed on the surface of the phage and from which novel 
5 polypeptide ligands are selected. Mutagenesis or replacement of amino acid residues directed toward the interior 
of the polypeptide is generally avoided so that the overall stmclure of the rigid secondary structure is preserved. 
Some replacement of amino acids onthe interior region of the rigid secondary structures, espedafly vrith 
hydrophobic amino add residues, may be tolerated since these consenrative subsfitutions are unlikely to distort 
the overall structure of the polypeptide. 

1 0 Repeated cydes of "polypeptide" selection are used to select for higher and higher affinity landing by 

tfie phagemid selection of multiple amino addchanges whi* are selected by multiple selection cydes. Following a 
frst round of phagemid selection, involving a first region or selection of amino adds in the iigand polypeptide, 
additional rounds of phagemid selection In other regions or amino adds of the Iigand polypeptide are conducted. 
The cydes of phagemid selection are repeated until the desired affinity properties of the Iigand polypeptide are 

15 adiievei To illustrate this process. Example Vllf phagemid selection of hG Inttwfirst 
cyde hGH amino adds 172. 174. 176 and 178 were mutated and phagemid selected. In a second cyde hGH amino 
adds 167. 171. 175 and 179 were phagemid selected In a ttiird cycle hGH amino adds 10, 14, 18 and 21 were 
phagemid selected. Optimum amino add changes from a previous cyde may be incorporated into ttw polypeptide 
before the next cyde of selection. For example, hGH amine adds substitution 174 (serine) and 176 (^sine) 

20 wereincorporatedintothehGH before the phagemid selection of hGH amino adds 167, 171, 175and 179. 

From ttie forgoing it vml be af^dated that the amino add residues ttiat fonn the binding domain of 
the polypeptide will not be sequentially linked and may reside on different subunits of the polypeptide. That is, 
the binding domain tracks wth the particular secondary structure at the binding site and not the primary 
stmcture. Thus, generally, mutations will be introduced into codons encoding amino ackJs within a particular 

25 secondary structure at sites directed away from the interior of ttie polypeptide so that they will have the 

potential to interact witti the target. By way of illustration, Rgure 2 shows ttie location of residues in hGH that 
are known to strongly modulate its binding to the hGH-binding protein (Cunningham ef a/., SdfiDCfi 247:1461 - 
1465 [1990]). Thus representative sites suitable for mutagenesis would indude residues 172. 174, 176. and 178 
on helix-4. as well as residue 64 located in a "non-ordered' secondary structure. 

30 There is no requirement that ttie polypeptide chosen as a Iigand to a target nonnally bind to that target 

Thus, for example, a glycoprotein hormone such as TSH can be chosen as a Iigand for the FSH receptor and a 
library of mutant TSH molecules are employed in the metirod of this &ivention to produce novel drug candidates. 

This invention thus contemplates any polypeptide that binds to a terget molecule, and indudes 
antibodies. Preferred polypeptides are those that have pharmaceutical utility. More preferred polypeptides 

35 indude; a growtti hormone, induding human growtii hontione, des-N-mettikxiyI human growth honnone. and bowne 
growtti hormone; parathyroid honnone; ttiyroid stimulating honnone; ttiyroxine; insulin A-chain; insulin B-chain; 
proinsuIin;fbIlicle stimulating hormone; calcitonin; leutinizing honnone; glucagon; factor Vlll; an antibody; lung 
surfactant; a plasminogen activator, such as urokinase or human tissue-type plasminogen activator (t-PA); 
bombesin; factor IX. thrombin; hemopoietic growth factor; tumor necrosis feictor-alpha and -beta; enkephalinase; a 
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serum albumin such as human serum albumin; mullenai>inhibiting substanoe; relaxin A-chain; relaxin B-chain; 
prorelaxin; mouse gonadotropin-assodated peptide; a miaobial protein, such as betalactamase; tissue factor 
protein; inhibin; acBvIn; vascular endothelial growth fador; receptors for hom^ones or growth factors; integrin; 
thrombopoietin; protein A or D; rheumatoid factors; nerve growth factor such as NGF-p; plateleMerived growth 
5 factor; fibroblast growth factor such as aFGF and bFGF; epidermal growth factor; transforming growth factor 
(TGF) such as TGF-alpha and TGF-beta; insulin-like growth factor-! and -II; insulin-like growth factor binding 
proteins; CD-4; DNase; latency assoaated peptide; erythropoietin; osteoinductive factors; an interferon such as 
interferon-alpha, -beta, and -gamma; colony stimulating factors (CSFs). e.g., M-CSF, GM-CSF, and G-CSF; 
interleukins (ILs), e.g., IL-1, IL-2. IL-3. IL-4. etc.; superoxide dismutase; decay accelerating factor; atrial 

1 0 natriuretk; peptides A, B or 0; viral antigen such as, for example, a portion of the HIV envetope; immunoglobulins; 
and fragments of any of the above-iisted polypeptides, in addition, one or more predetermined amino add 
residues on the polypeptide may be substituted, inserted, or deleted, for example, to produce products with 
improved biological properties. Further, fragments of these polypeptides, espedally btologically active 
fragments, are induded. Yet more preferred polypeptides of this invention are human growth honnone , and 

1 5 atrial naturetic peptides A,' B, and C, endotoxin, subtilisin, trypsin and other serine proteases. 

Still more preferred are polypeptide hormones that can be deGned as any amino add sequence produced 
in a first cell that binds qsedfically to a receptor on the same cell type (autocrine hormones) or a second cell type 
(non-autocrine) and causes a physiobgical response characteristk: of the receptor-bearing cell. Among such 
polypeptkle hormones Bre cytokines, lymphokines, neurotrophic hormones and adenohypophyseal pdypeptkle 

2 0 hormones such as grow&i hormone, prolactin, placenfal tactogen, luteinizing honnone, folikde-stimulating hormone, 
thyrotropin, chorionic gonadotropin, corticotropin, a or p-melanocyte-stimulating hormone, p-lipotropin, y- 
lipotropin and the endorphins; hypothalmc release-inhibiting honnones such as corticotropin-release factor, 
growth honnone release-inhibiting hormone, growth honnone-release facton and other polypeptkle hormones such 
as atrial natriuretic peptides A, B or C. 

25 H. Obtaining a Hfst Gene fGene 11 encodino the desired DOhTODtfde 

The gene encoding the desired polypeptkle (i.e., a polypeptkle with a rigkl secondary stmcture) can be 
obtained by methods known in the art (see generally, Sambrook et al. > Molecular Biology: A Laboratory Manual. 
Cold Spring Hart)or Press, Cold Spring Harbor, ftew Yoric [1989]). M the sequence of the gene is known, the 
DNA encoding the gene may be chemk:ally synthesized (Merrfiekl, J. Am. Chem. Soc... 85 :2149 [19631). H the 

30 sequence of the gene is not known, or if the gene has not preWously been isolated, it may be doned from a cDNA 
library (made from RN A obtained from a suitable tissue in which the desired gene is expressed) or from a suitable 
genomte DNA library. The gene is then isolated using an appropriate probe. For cDNA libraries, suitable probes 
indude monodonal or polydonal antibodies (provkled that ttie cDNA ftbrary is an expresston library), 
oligonucleotides, and complementary or homologous cDNAs or fragments thereof. The probes that may be used to 

35 isolate the gene of interest from genomic DNA libraries include cDNAs or fragments thereof that encode the same 
or a similar gene, homok>gous genomic DNAs or DNA fragments, and oligonudeotkles. Screening the cDN A or 
genomic library with the selected probe is conducted using standard procedures as described in chapters 10-12 
of Sambrook etal,, supra. 
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An alternative means to Isolating the gene encoding the protein of interest is to use polymerase chain 
reaction methodology (PGR) as descril)ed in section 1 4 of Sambrook etal.. supra. This method requires the use 
of oligonudeofldes that will hytwdize to the gene of interest: thus, at least some of the DNA sequence for this 
gene must tie known monder to generate the oligonucleotides. 
5 After the gene has been isolated, it may be inserted into a suitable vector (preferably a plasmid) for 

amplifcatlon. as described generally in Sambrook etal., supra. 
HL riwstnieWnffReBllMhlftExiyessfanVeClQia 

VWiile several types of vectors are available and may be used to practfce ihis invention, plasmid vectors 
are the preferred vectors for use herein, as they may be constnjcted with relative ease, and can be readily 
10 amplified. PiasmkI vectors generally contain a variety of components including promotere, signal sequences, 
phenotypic selection genes, origin of replication sites, and other necessary components as are known to those of 
ordinary skill in the art. 

Promoters most commonly used tnprokaryotic vectors include the JacZ promoter system, the alkaline 
phosphatase film A promoter, the bacteriophage XPL promoter (a temperature sensifive promoter), the lac 
15 promoter (a hybrid flDrJac promoter that is regulated by the Jat repressor), the tryptophan promoter, and the 
bacteriophage T7 promoter. For general descriptrans of promoters, see secUon 17 of Sambrook et aL supra . 
WhBe these are the most common^ used promoters, other suitaWe mfcrol»al promoters may be used as weO. 

Preferred promotere for pracficing this inventwn are those that can be lightly regulated such that 
expression of the fusfon gens <an be controlled. It is believed that the problem that went unrecognized In the 
20 prtor art was that display of multiple copies of the fusfon protein on the surface of the phagemkJ particle lead to 
multipoint attechment of the phagemid vrith the target It is believed this effect, referred to as the "chelate 
effect", results in selection of false "high affinity" polypeptWes when multiple copies of the fusion protein are 
di^yed on the phagemid particfe in close proximity to one another so thatthe tar^twas "chelated*. When 
multipoint attechment occurs, the effective orjpparent Kd may be as high as tfie product of the indivMual Kds 
25 for each copy of the dfepiayed fuskjnprote&i. This effect may be the reason Cwiria and covrorkerssjflD/a vrere 
unable to separate moderate affinity peptides from higher affinity peptides. 

Ithas been discovered that t^t^hUy regulating expressfon of the fuston protein so tfiat no more than a 
minor amount, i.e. fewer than about 1%, of the phagemid particles contain multiple copies of the fuston protein the 
■chelate effecr is overcome altowing proper selecfion of high affinity polypeptides. Thus, depending on the 
30 promoter, culturing conditions of the host are adjusted to maximize the number of phagemid particles conteining a 
single copy of the fusion protein and minimize the number of phagemid partfcles conteining multiple copies of the 
fusion protein. 

Preferred promoters used to practice this inwenfion are the |S£ Z promoter and the Bt]fi A promoter. 
The lac Z promoter Is regulated by the lac repressor protein lac i, and thus transcription of the fusion gene can be 
35 controlled by manipulation of the level of the lac repressor protein. By way of illustrafcn, the phagemid conteining 
the lac Z promotor is grovm in a ceB strain that contains a copy of the lac i repressor gene, a repressor for the 
lacZpromotor. Exemplary cell strains containing the laci gene hdudeJM 101 and XLI-Wue. In the alternative, 
the host cell can be cotransfected with a plasmid conteining boBi the repressor lac i and the tec Z pramotor. 
Occastonally both of Ihe above techniques are used simulteneously, that Is, phagmide particles conteining the lac Z 
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promoter are grown in cell strains containing the lac i gene and the cell strains are cotransfected with a plasmid 
containing both the Jac Z and lac i genes. Mormally when one wishes to express a gene, to the transfected host 
above one would add an inducer such as isopropylthiogalactoside (IPTG). In the present hvention however, tNs 
step is omitted to (a) minimize the expression of the gene III fusion protein thereby minimizing the copy number 
5 (i.e. the number of gene III fusions per phagemid number) and to (b) prevent poor or improper packaging of the 
phagemid caused by inducers such as IPTG even at low concentrations. Typically, when no inducer is added, the 
number of iusion proteins per phagemid particle is about 0.1 (number of bulk fusion proteins/number of phagemid 
particles). The most preferred promoter used to practice this invention is fibfi A. This promoter is believed to be 
regulated by the level of inorganic phosphate in the cell where the phosphate acts to down-regulate the activity of 

10 the promoter. TYius, by depleting cells of phosphate, the activity of the promoter can be increased. The desired 
result is achieved by growing cells in a phosphate enriched medium such as 2YT or LB thereby controlling the 
expression of the gene III fusion. 

One other useful component of vectors used to practice this nivention Is a signal sequence. This sequence 
is typically located immediately 5* to the gene encoding the fuston protein, and wifl thus be transcribed at the amino 

1 5 temiinus of the fuston protein. However, in certain cases, the signal sequence has been demonstrated to be k>cated 
at positions other 5' to the gene encoding the protein to be secreted. This sequence targets the protein to whteh 
it is attached across the inner membrane of the bacterial cell. The DNA encoding the signal sequence may be 
obtained as a restriction endonudease fragment from any gene encoding a protein that has a signal sequence. 
Suitable prokaryotk: signal sequences may be obtained from genes encoding, for example, LamB or OmpF (Wong 

20 et a/., Gene . 68:193 [1983]), MalE, PhoA and other genes. A preferred prokaryotic signal sequence for practicing 
this invention is the £. coli heat-stable enterotoxin II (STII) signal sequence as described by Chang etal. , fieog, 
55: 189 [1987]. 

Another useful component of the vectors used to practk» tKs invention is phenotypk: selection genes. 
Typical phenotypc selection genes are those encoding proteins that confer antibiotic resistance upon the host cell. 
25 By way of illustratbn, the ampicillin resistance gene (am p) , and the tetracycline resistance gene (igt) are readily 
emptoyed for this purpose. 

Construction of suitable vectors comprising the aforementtoned components as well as the gene encoding 
the ctesired polypeptide (gene 1) are prepared using standard recombinant DNA procedures as described in 
Sambrook etal. supra. Isolated DNA fragments to be combined to fonn the vector are cleaved, tailored, and 
30 ligated together in a specific order and orientation to generate the desired vector. 

The DNA is cleaved using the appropriate restriction enzyme or enzymes in a suitable buffer. In general, 
about 0.2-1 ^g of plasmid or DNA fragments is used with about 1-2 units of the appropriate restriction enzyme 
in about 20 ^1 of buffer solution. Appropriate buffers, DNA concentrations, and incubation times and 
temperatures are specified by the manufacturers of the restriction enzymes. Generally, Incubatton times of about 
35 one or two hours at 37*C are adequate, although several enzymes require higher temperatures. After incubation, 
the enzymes and other contaminants are removed by extractk)n of the digestion solution with a mixture of phenol 
and chlorofomi, and the DNA is recovered from the aqueous fraction by precipitation with ethanoL 

To ligate the DNA fragments togettier to fomi a functional vector, the ends of the DNA fragments 
must be compatible with each other. In some cases, the ends will be directly compatible after endonudease 
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tfgestion. However, it may be necessary to first corwert the slickyendscommonly produced by endonucJease 
digestion to blunt ends to make them compatible for Bgatfon. To Wunt the ends, the DNA is treated in a suitable 
buffer for at least 15 minutes at 15'C viiith 10 units of of the Klenow fragment of DNA polymerase I (Klenow) in 
the presence of the four deoxynudeotide triphosphates. The DNA is then purified by phenol-chloroform 
5 extraction and ethanol predpitatton. 

The cleaved DNA fragments may be size-separated and selected using DNA gel electrophoresis. The 
DNAmaybeeledrophoresedthrougheltheranagaroseorapolyacrylamide matrix. The selection of Ihe matrix 
win depend on the size of the DNA fragments to be separated. After electrophoresis, the DNA is extracted from 
the matrix by eleclroelution, or. if low-melting agarose has been used as the matrix, by melting the agarose and 

1 0 extracting the DNA from it, as described in sections 6.30-6.33 of Sambrook et al^ supra. 

The DNA fragments that are to be ligated together (previously digested with the appropriate 
restrfction enzymes such that the ends of each fragment to be ligated are compalibte) are put in solution in about 
equimolar amounts. The solutfcn will also contain ATP, Kgase buffer and a Bgase such as T4 DNA Bgase at about 
10 unite per OS jig of DNA. If the DNA fragment is to be ligated into a vector, the vector is at first linearized by 

1 5 cutting with the appropriate restriction endonuctease(s). The linearized vector is then treated vwth alkaline 
phosphatase or calf intestinal phosphatase. The phosphatasing prevente self-ligatfon of the vector during the 
ligab'on step. 

After ligation, the vector virilh the Ibre^n gene now inserted is transfonned into a suitable host cell. 
Prokaryotes are the preferred host cells for this imreniion. SiitaWe prokaryotic host ceBs include £ coli strain 

20 JM101. £. coli K12 strain 294 (ATCC number 31,446), £ coS strain W3110 (ATCC number 27.325). £ coli 
X1776 (ATCC number 31 337), £ coli XL-1 Blue (stratagene). and £ coli B; however many other strains of £ 
coff. such as HB101. NM522, NM538, NM539. and manyother species and genera of prokaryotes maybe used as 
wen. In adcfifion to the £ coli strains listed above, bacilli such as RamTiiis subtife. other enterobacteriaceae such as 
saimnnflita tvDhmurium or .^wraHa marcesans. and various EsfiUdOIDfllBS species may aO be used as hosts. 

25 Transformation of prokaryotic cells is readily accomplished u^ng the calcium chloride method as 

described in sectfen 1.82 of Sambrook etal.. supra. Alternatively, electroporalibn (Neumann et al.. £MEQjL 
1 :841 (1982]) m^ be used to transform these cells. The transfonned cells are selected by growth on an 
anlibiolic, commonly tetraQfCfine (tet) or ampidlin (amp), to whteh they are rendered resisfant due to the 
presence of tet and/or amp resistance genes on the vector. 

30 After selection of the transfonned cells, these cells are grown in culture and the plasmkl DNA (or other 

vector with the foreign gene inserted) is then isolated. Plasmkl DNA can be isolated using methods known in the 
art Two siafable methods are the small scale preparation of DNA and the large-scale preparatfon of DNA as 
described in sectfons 1 .25-1 .33 of Sambrook ef at, supra. The isolated DNA can be purified by methods known in 
the art such as lhat described in section 1 .40 of Sambrook etal., supra. This purified plasmid DNA is then 

35 analyzed by resWctfon mapping and/or DNA sequencing. DNA sequencing is generally performed by either the 
method of Messing ef a/. *b,Mr. Adds Res.. 9309 119811 orbv the method of Maxam etal. MlJSaEmLSS: 
499 [1980]. 
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IV. fiffffp'!ifTn 

This invention contemplates fusing the gene enclosing the desired polypeptide (gene 1) to a second gene 
(gene 2) such that a fusion protein is generated during transaiption. Gene 2 is typically a coat protein gene of a 
phage, and preferably it is the phage M13 gene III coat protein, or a fragment thereof. Fusion of genes 1 and 2 may 
5 be accomplished by inserting gene 2 into a particular site on a plasmid that contains gene 1 , or by inserting gene 1 
into a particular site on a plasmid that contains gene 2. 

Insertion of a gene into a plasmid requires that the plasmid be cut at the precise location that the gene is 
to be inserted. Thus, there must be a restriction endonudease site at this location (preferably a unique site such 
that the plasmid will only be cut at a single location during restriction endonudease digestion). The plasmid is 

1 0 digested, phosphatased, and purified as described above. The gene is then inserted into this linearized plasmid by 
ligating the tv/o DNAs together. Ligation can be accomplished if the ends of the plasmid are compafible with the 
ends of the gene to be inserted. If the restriction enzymes are used to cut the plasmid and isolate the gene to be 
inserted create blunt ends or compatible sticky ends, the DNAs can be ligated together directly using a ligase 
such as bacteriophage T4 DNA ligase and incubating the mixture at 16*C for 1-4 hours in the presence of ATP 

1 5 and ligase buffer as described in section 1 .68 of Sambrook et al., SUQQI- >f the ends are not compatible, they must 
first be made blunt by using the Nenow fragment of DNA polymerase I or bacteriophage T4 DNA polymerase, 
both of which require the four deoxyribonudeotide triphosphates to fill-in overhanging single-stranded ends of 
the cSgested DNA. Attemativety. the ends may be blunted using a nuclease such as nuclease SI or mung-bean 
nudease, both of which function by cutting back the overhanging single strands of DNA. The DUA is then 

20 religated using a ligase as described above. In some cases, it may not be possible to blunt the ends of the gene to 
be inserted, as the reading frame of the coding region will be altered. To overcome thte problem, oligonudeotide 
linkers may be used. The linkers sen/e as a bridge to connect the plasmid to the gene to be inserted. These linkers 
can be made synthelx:ally as double stranded or single stranded DNA using standard methods. T?ie linkers have 
one end that is compatible with the ends of the gene to be inserted; the linkers are first ligated to this gene u^ng 

25 ligation methods described above. The other end of the linkers is designed to be compatible with the plasmkj for 
ligation. In designing the linkers, care must be taken to not destroy the reading frame of the gene to be inserted 
or the reading frame of the gene contained on the plasmid. In some cases, it may be necessary to design the linkers 
such that they code tor part of an amino add, or such that they code for one or more amino adds. 

Between gene 1 and gene 2, DNA encoding a terminatk)n codon may be inserted, such tenninatton oodons 

30 are UAG( amber), UAA (ocher) and UGA (opel). (Microbtotogy, Davis et al. Harper & Row, New Yoric. 1980, 

pages 237, 245-47 and 274). The terminatton codon expressed in a wiM type host cell results in the synthesis of 
the gene 1 protein product without the gene 2 protein attached. However, growth in a suppressor host cell 
results in the synthesis of detectable qu^tities of fused protein. Sudt suppressor host cells contain a tRNA 
modified to insert an amino add in the terminatton codon positton of the mRNA thereby resulting in productton of 

3 5 detectiUe amounts of the fusion protein. Such suppressor host cells are well known arxi described, such as Eco// 
suppressor strain (Bultock et al., BioTechnigues 5, 376-379 [1987]). Any acceptable method may be used to 
place such a termination codon into the mRNA encoding the fusion polypeptide. 

The suppressible codon may be inserted between the first gene encoding a polypeptide, and a second 
gene encoding at least a portion of a phage coat protein. Alternatively, the suppressible temiination codon may be 



wo 92/09690 



16 



PCr/US91/09133 



inserted adjacent to the fusion site by replacing the last amino acid triplet in the polypeptide or the first amino 
addfnthephagecoatprotein. When the phagemida)ntaining the suppressiWecodon is grown 
host cell, it results in the detectable production of a fusion polypeptide containing the polypeptide and the coat 
protein, men the phagemid is grown in a non-suppressor host cell, the polypeptide is synthesized substantially 
5 without fusion to the phage coat protein due to termination at the inserted suppressiWe triplet encoding UAG, 
UAA, or UGA. In fte non-suppressor cell the polypeptide is synthesized and secreted from the host celf due to the 
absence of the fused phage coat protein which otherwise anchored it to the host cell. 
V. Aiterationfmutati QnVQfGenel at Selected Positions 

Gene 1. encoding the desired polypeptide, may be altered at one or more selected codons. An alteration 

10 is defined as a subsfitution, deletion, or insertion of one or more codons in the gene encoding the polypeptide that 
results in a change in the amino acid sequence of the polypeptide as compared with the unaltered or native 
sequence of the same polypeptide. Preferably, the alterations will be by substitution of at least one amino add 
wiBi any other amino acid in one or more reg ons of the molecule- The alterations may be produced be a variety of 
methods known in the art These methods include but are not limited to oIigo^uc^eofide^nediated mutagenesis and 

1 5 cassette mutagenesis. 

Oligonucleotide -mediated mutagenesis is prefened method for preparing substitution, deletionr and 
insertion variants olgene 1 - This technique Is well known in the art as described by Zolter et al. Nucteic AcMs Res. 
jQ:64a7-€504 (19871. Briefly, gene 1 is altered by hybridizing an oligonucleotide encoding the desired mutation 

20 to a DNA template, where ttie template is the single-stranded form of the plasmid containing ttie unaltered or 
native DNA sequence of gene 1 . After hybridization, a DNA polymerase is used to synttwsize an ertire second 
complementary strand of the template will thus incorporate tiie oligonucleotide primer, and will code for the 
selected alteration in gene 1 . 

Generally, oligonucleotides of atleast 25 nucleotides in lengfli are used. An optimal oligonucleotide vwll 

25 have 12 to 15 nucleotides that are completely complementary to the template on either sideof the nucleotide{s) 
coding for the mutetion. This ensures that the oligonucleotide will hybridize properly to the s&)gle-stranded DNA 
template molecule. The oligonucleotides are readily synttiesized using techniques known in the art such as that 
described by Crea et al. Proc. Nafi. Acad. Sd. USA. 75: 5765 [1 978]. 

The DNA template can only be generated by those vectors that are either derived from bacteriophage 

3 0 Mt3 vectors (flie commercially avaflable M13mp18 and M13mp1 9 vectors are suitable), or fliose vectors that 
contain a sihgle-stranded phage origin of replication as described by Viera etaL Mettl, inzMQl 153: 3 [1987]. 
Thus, the DNA that is to be muteted must be inserted into one of tiiese vectors in order to generate single- 
stranded template. Production of the angle-stranded template is described in sections 4.21-4.41 of Sambrook 
etal., supra, 

35 To alter the native DNA sequence, the oligonucleotide is hybridized to the single stranded template 

under suiteble hybridization conditions. A DNA polymerizing enzyme, usually the Klenow fragment of DNA 
polymerase I. is ttien added to synthesize the complementary strand of the template using ttie oligonucleotide as a 
primer for synthesis. A heteroduplex molecule is thus fornied such that one strand of DNA encodes ttie muteted 
fonn of gene 1, and ttie ottier strand (ttie original template) encodes ttie native, unaltered sequence of gene 1 . 
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This heteroduplex molecule Is then transformed Into a suitable host cell, usually a prokaryote such as £ Coli 
JM101 . After growing the cells, they are plated onto agarose plates arxl screened using the oligonucleotide primer 
radiolat)elled with S2-Phosphate to identify the isacterial colonies that contain the mutated DNA. 

The method described immediately above may be modified such that a homoduplex molecule is created 
5 wherein both strands of the plasmid contain the mutation(s). The modifications are as follows: The single- 
stranded oligonucleotide is annealed to the single-stranded template as described above. A mixture of three 
deoxyribonudeotides, deoxyriboadenosine (dATP), deoxyriboguanosine (dGTP), and deoxyribothymidine (dTTP), 
is combined with a modified thio^deoxyribocytosine called dCTP-(aS) (which can be obtained from Amersham). 
This mixture is added to the template-oligonudeotide complex. Upon addition of DNA polymerase to this mixture. 

10 a strand of DNA identicai to the template except for the mutated bases is generated. In addition, this new strand 
of DNA will contain dCTP-(aS) instead of dCTP, which serves to protect it from restriction endonuclease 
digestion. After the template strand of the double-stranded heteroduplex is nicked with an appropriate 
restrictton enzyme, the template strand can be digested with Exolll nuclease or another appropriate nuclease past 
the region that contains the site(s) to be mutagenized. The reaction is then stopped to leave a molecule that is 

1 5 only partially single-stranded. A complete double-stranded DNA homoduplex is then formed using DNA 

polymerase in the presence of all four deoxyribonucleotide triphosphates, ATP, and DNA ligase. This homoduplex 
molecule can then be transformed into a suitable host cell such as £ coli JM1 01 , as described above. 

Mutants with more than one amino acid to be substituted may be generated in one of several ways. If the 
amino ^s are k)cated ctose together in the polypeptide chain, they may be mutated simultaneously using one 

20 oligonucleotide that codes for all of the desired amino add substitutions. If, however, the amino ackis are located 
some distance from each other (separated by more than about ten amnio adds), it is more difficult to generate a 
single oligonucleotkie that encodes all of the desired changes. Instead, one of two alternative methods may be 
emptoyed. 

In the first method, a separate oligonudeotkle is generated for each amino add to be substituted. The 
25 oligonudeotides are then annealed to the single-stranded template DNA simultaneously, and the second strand of 
DNA that is synthesized from the template will encode all of the desired amino add substitutions. The alternative 
method involves two or more rounds of mutagenesis to produce the desired mutant. The first round is as 
described for the single mutants: wiU-type DNA is used for the template, an oligonudeotkle encoding the first 
desired amino add substitutk)n(s) is annealed to this template, and the heteroduplex DNA molecule is then 
30 generated. The second round of mutagenesis utilizes the mutated DNA produced in the first round of 

mutagenesis as the template. Thus, this template already contains one or more mutatbns. Theoligonudeotide 
encoding the addittonal desired amino acki substitution(s) is then annealed to this template, and the resulting 
strand of DNA now encodes mutations from both the first and second rounds of mutagenesis. This resultant DNA 
can be used as a template in a third round of mutagenesis, and so on. 
35 B. Cassette MutMcnesIs 

This method Is also a preferred method for preparing substitution, deletion, and insertton variants of 
gene 1. The method is based on that described by Wells et ai Qm, 34:31 5 [1 985].. The starting material is the 
plasmid (or other vector) comprising gene 1 , the gene to be mutated. The codon(s) in gene 1 to be mutated are 
identiried. There must be a unkfue restriction endonudease site on each side of the klentified mutation site(s). If 
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no such restriction sites exist, they may be generated using the above^scribed digonudeotide-mediated 
mutagenesis method to Introduce them at approp^^^ 1. After the restriction sites have been 

introduced into the plasmid, the plasmid is cut at these sites to linearize ft A douWe-slranded oligonucteolide 
encoding the sequence of the DNA between the restriction sites but containing fte desired mutation(s) is 
5 synthesized using standard procedures. The two strands are synthesized separately and then hyta^ 

together using standard techniques. This double-slranded ofigonudeolide is referred to as the cassette. This 
cassette is designed to have 3' and 5' ends that are compatible with the ends of the linearized plasmid, such that it 
can be directly ligated to the plasmid. This plasmid now contains the mutated DNA sequence of gene 1 . 
VL Qhtelnlnfl DNA mt^lmf tfie rtesfred MQteta 

10 Irt an alternative embodiment this invention contemplates production of variants of a desired protein 

containing oneormoresubunits. Each suburtt is typically encoded by separate gene. Each gene encocfng each 
subunitcanbeobtainedbymethodsl<nownintheart(see,forexam^^ In some instances, itmaybe 

necessary ta obtain the gene encoding the various subunits using separate techniques selected from any of the 
methods described in Section II. 

1 5 When constmcting a replicaWe expression vector where the protein of interest contains more than one 

subunit, all subunits can be regulated by the same promoter, ^ically located 5' to the DNA encoding the subunite, 
or each may be regulated by separate promoter suitably oriented in the vector so that each promoter is operaWy 
linked to the DNA It is intended toregufate. Selecfion of promoters is carried out as described in Section III 
above. 

20 In constructing a repScable expression vector containing DNA encoding the protein of interest having 

multiple subunits/the reader is referred to Rgure 10 where, by way of illustration, a vector is diagrammed 
showing DNA encoding each subunit of an antftxxJy fragment This figure shows that, generally, one of the 
subunits of the protein of interest will be fused to a phage coat protein such as M13 gene 111. This gene fusion 
generally will contein its own signal sequence. A separate gene encodes the other subunit or subunits, and it Is 

25 apparentthateach subunit generally has ite own signal sequence. Figure 10 also shows that a single promoter can 
regulate the expression of both subunits. Alternatively, each subunit may be Wependently regulated by a 
different promoter. The protein of interest subunit-phage coat protein fusion conslnjct can be made as 
described in Section IV above. 

When constructing a family of variants of the desired multi-subunit protein, DNA encoding each subunit 

30 in the vector may muteted in one or more positions in each subuniL When multi-subunit antibody variants are 
constructed, preferred sites of mutagenesis correspond to codons encoding amino add residues located in the 
complementerity-determining regions (CDR) of either the light chain, the heavy chain, or both chains. The CDRs 
are commoriy referred to as 8ie hypervariabte regions. Methods for mutegenizing DNA encoding each subunit of 
the protein of interest are conducted essentially as described in Section V above. 

35 

VIL PreparingaTarytMoleaifean dBlndlngwfthf^ 

Target proteins, such as receptors, may be isolated from natural sources or prepared by recombinant 
methods by procedures known in the art. Byway of illustration, glycoprotein homione receptors may be prepared 
by the technique described by McFariand etal., SflSDCS 245:494-499 11989], nonglycosylated forms expressed 
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in £ CO// are described by Fuh et at. J. Biol. Cham 265:31 11 -31 15 [1990] Other receptors can be prepared by 
standard methods. 

The purified target protein may be attached to a suitable matrix such as agarose beads, acrylamide 
beads, glass beads, cellulose, various acrylic copolymers, hydroxylalkyi methacrylate gels, polyacryiic and 
5 polymethacrylic copolymers, nylon, neutral and ionic earners, and the like. Attachment of the target protein to the 
matrix may be accomplished by methods described in Methods in Enzymology. 44 [1976], or by other means known 
in the art. 

After attachment of the target protein to the matrix, the immobilized target is contacted with the 
library of phagemki partk:les under conditions suitable for binding of at least a portton of the phagemkJ particles 
10 wth the immobilized target. Nomtaily, the conditions, including plH, tonic strength, temperature and the like will 
mimfc phystological oondittons. 

Bound phagemid particles ('binders') having high affinity for the immobilized target are separated 
from those having a tow affinity (and thus do not bind to the target) by washing. Binders may be dissociated 
from the immobilized target by a variety of methods. These methods Include competitive dissociation using the 
1 5 wiU-type iigand, altering pH and/or ionic strength, and methods known in the art 

Suitable host cells are infected with the binders and helper phage, and the host cells are cultured under 
condittons suitable tor amplification of the phagemid particles. The phagemki particles are then collected and the 
selection process is repeated one or more times until binders having the desired affinity for the target molecule 
are selected. 

2 0 Optionally the librae of phagemid particles may be sequentially contacted with more than one 

Immobilized target to improve selectivity for a particular target. For example, it is often the case that a iigand 
such as hGH has more than one natural receptor, h the case of hGH, both the growth hormone receptor and the 
prolactin receptor bind the hGH Iigand. It may be desirable to improve the selectivity of hGH tor the growth 
homtone receptor over the prolactin receptor. This can be achieve by first contacting the lii>rary of phagemid 

25 particles with immobilized prolactin receptor, eluting those with a low affinity (i.e. lower than wild type hGH) for 
the prolactin receptor and then contacting the tow affinity prolactin 'binders' or non-binders with the 
immobilized growth hormone receptor, and setocting for high affinity growth hormone receptor binders. In this 
case an hGH mutant having a tower affinity for the prolactin receptor would have therapeutic utility even if the 
affinity for the growth hormone receptor were somewhat tower than that of wild type hGH. This same strategy 

30 may be employed to improve selectivity of a particular hormone or protein for its primary function receptor over 
its clearance receptor. 

In another emtxxliment of this invention, an improved substrate amino ackl sequence can be obtained. 
These may be useful for making better 'cut sites' for ixotein linkers, or for better protease 
substrates/inhibitors. In this embodiment, an immobilizable molecule (e.g. hGH-receptor, biotin-avidin, or one 
35 capable of covalent linkage with a matrix) is fused to gene III through a linker. The linker will preferably be from 3 
to 10 amino acids in length and will act as a substrate for a protease. A phagemid will be constructed as described 
above where the DNA encoding the linker region is randomly mutated to produce a randomized library of phagemid 
particles with different amino acid sequences at the linking site. The library cf phagemid particles are then 
immobilized on a matrix and exposed to a desired protease. Phagemid particles having preferred or better 
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substrate amino ackJ sequences in the liner region for the desired protease wyi be eiuted, frst producing an 
enriched pool of phagemid particles encoding preferred tinkers. These phagemid particles are then cycled several 
more times to produce an errtched pool of particles encodng consense sequence(s) (see examples XIII and XIV). 
VIII. fimwrthHomiMieVar^ 
5 The cloned ggne ffrr PYpreggfld ;n a sficmted fhrm in Escherfcha cola (Ghana. 0. N>, Gfaf., 

[1987] fiEIfi51.l89) and lis DMA and amino acid sequence has been reported (Goeddel. etaL [1979J 
544; firayflfa/., [1985] Gene 39. 247). The present invention describes novel hGH variants produced using the 
phagemkJ selection methods. Human growth hormone variants containing substitutions at positions 10, 14. 18, 21. 
167, 171, 172, 174, 175, 176, 178 and 179 have been descra)ed. Those having higher binding affinities are 
1 0 descn'bed in Tables VII, XIII and XIV. The amino acid nomenclature for describing fte variants is shown below. 
Growth hormone variants may be administered and fonnulaled in the same manner as regular growth honnone. The 
growth honnone variants of the present invention may be expressed in any recombinant system which is capable of 
expressing native or met hGH. 

Therapeutic formulations of hGH for therapeutic administration are prepared for storage by mixing 
1 5 hGH having the desired degree of purity with optional physiologically acceptable caniers, excipents, or 

stabilizers (Rpminpfon's Pfi fir rpanPiitfcfll Sctertces. 16lh edition, Osol, A., Ed., (1980)., in the fbnn of lyophilized 
cake or aqueous solutions. Acceptable carriers, excipients or staWlizers are nontoxic ta recipients at the dosages 
and concentrations employed, and include buffers such as phosphate, citrate, and other organic adds; antioxidants 
including ascorbic add; lowmolecular weight (less than about 10 residues) polypepfides; proteins, such as semm 
2 0 albumin, gelatin, or immunoglobulins; hydropMic polymers such as polyvinylpyrrolidone ; amino adds such as glydne. 
giufemine, asparagine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates induding 
glucose, mannose, or dextrins; chelafing agents sudi as EDTA; divalent metal ions such as zinc, cobalt or copper; 
sugar alcohols sudi asmarflitol or sortjitol; salt-forming counterions such as sodium; and/or nonionic surfactants 
such as Tween, Pluronics or polyethylene glycol (PEG). Formulations of the present invention may additionally 
25 contain a pharmaceutically acceptable buffer, amino add. bulking agent and/or non-ionfc surfactant TTiese Indude, 
for example, buffers, chelating agents, antioxidants, presewatives, cosolvents, and the like; spedfic examples of 
these could indude. trimethyiamaine salts {Tris buffer), and disodium edetate. The phagemids of the present 
invention may be used to produce quantities of ttie hGH variants free of the phage protein. To express hGH 
variants free of the gene III portion of the fusion. pS0643 and derivatives can simply be grown in a non- 
30 suppressor strain such as 16C9. In this case, the amber codon (TAG) leads to termination of translation, which 
yieMs free honnone, without the need for an independent DNA constnjction. The hGH variant is secreted from ttie 
host and may be isolated from the culture medium. 

One or more of ttie eight hGHamino adds FIG, M14. H18, H21 , R167, D171, T175 and 1179 may be reped 
by any amino addother than the one found in that position in naturally occunring^^^ Therefore, 1, 2, 

35 3, 4, 5, 6,7, or all 8 of the indfcated amino adds. FIG, M14, H18, H21, R167. D171, T175 and 1179. may be replaced 
by any of the other 19 amino adds out of ttie 20 amino adds listed below. In a preferred embodiment, all eight 
listed amino adds are replaced by another amino acid. The most preferred eight amino adds to be substituted are 
indicated In Table XIV in Example Xll. 
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Airtno sdd noniBndabnL 
Ala (A) 
Arg (R) 

5 Asn (N) 

Asp (D) 
Cys(C) 
Gin (Q) 
Glu (E) 

10 Gly(G) 

His (H) 
lie (I) 
Leu (L) 
Lys(K) 

15 Met(M) 

Phe(F) 
Pro (P) 
Ser (S) 
Thr (T) 

20 Trp (W) 

Tyr (Y) 
Val (V) 

The one letter hGH variant nomenclature first gives the hGH amino acid deleted, for example glutamate 179; then 
the amino acid inserted; for example, serine; resulting in (E1795S). 

25 

EXAMPLES 

Without further description, it is believed that one of ordinary skill in the art can, using the preceding 
description and illustrative examples, make and uGOze the present invention to the fullest extent. The following 
woricing examples therefore specifically point out preferred emtndlments of the present invention, and are not to 
30 be construed as limiting in any way of the remainder of the disclosure. 

EXAMPLE I 

Piasmid Constructions and PreparaSon of hGH-phagemid Particles 

The piasmid phGH-M13glli (Fig. 1), was constructed from MISKO?^ and the hGH producing piasmid, 
pB0473 (Cunningham, B.C.,ef a/., Sci&D^. 243:1330-1336, [1989]). A synthetic oligonucleotide 5'-AGC- 
35 TGT-GGC-TTC- GGG-CCC- TTA-GCA-TTT-AAT-GCG-GTA-3' was used to introduce a unique ^al 

restriction site (underlined) into pB0473 after the final Phe191 codon of hGH. The oligonucleotide 5'-TTC- 
ACA-AAC-GAA -GGG-CCC-C TA-ATT-AAA-GCC-AGA-3' was used to introduce a unique ^pal restriction site 
(underiined), and a Glul97-to-amber stop codon (tx)ld lettering) into M13K07 gene III. The oligonucleotkie 5'- 
CAA-TAA-TAA-CGG -GCT-AGC -CAA-AAG-AAC-TGG-3' introduces a unique Nhe\ site (underiined) after the 
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3- end of the gene III coding sequence. The resulfing 650 base pair (bp) ^l-Wiiel fragment ftom the doubly 
mutated M13K07 gene lit was dbned into the large ^l-Aftel fragment of pB0473 to create the plasmid, 
pS0132. This fuses the caiboxyl terminus of hGH (Phel91) to the Pto198 residue of the gene III protein with the 
insertion of a glycine residue encoded from the ^1 site and places the fusion protein under control of the £ cofi 
5 alkaline phosphatase (phoA) promoter and stll secretion signal sequence (Chang. C. H.. etal. , Qss& 55:189-196, 
[1987]). ForindudWe expression of fte fusion protein in rich media, we replaced the phok promolervrith fte lac 
promoter and operator. A 138 bp EcoRI-Jftal fragment containing the lac promoter, operator, and Cap binding 
site was produced by PGR of plasmid pUCI 19 using the oligonucleotides S*- 

CACGAGAfiMIICCCGACTGGAAA-3' and S'-CTGH ICIASA6T6AAAnGTTA-3' that flank the desired 
10 facsequencesand intiwluceihe EcoRlandXbafreslrfctlon sites (underlined). This lac fragment was gel purified 
and Ifgated into Ihe large EcoRI-Xbal fragment of pS0132 to create the plasmid, phGH-M13gllL Tfie sequences 
of all tailored DMA junctions were verified by the dideoxy sequence method (Sanger, F, etal. ?m.M . NSii . 
Uri. u s.A. 745463-5467. [19771). The R64A variant hGH phagemid was constnicted as follows: the Nsil-Bglll 
mutated fragment of hGH (Cunninghame/a/. supra ) encoding the Arg64 to Ala substitution (R64A) 
1 5 (Cunningham, B. C. WeDs. J. A.. SOSDO. 244:1081-1085. [1989]) was ctoned between the corresponding 
restriction sites in the phGH-M13glll plasmid (Rg. 1) to replace the wild-type hGH sequence. The R64A hGH 
phagemkl particles were propagated and titered as described betow for the wiid-^ hGH-phagemid. 

Plasmids were transfijnned into a male strain of £ coff (JM101) and selected on carbenldllln plates. A 
single transfomiant was grown in 2 ml 2YT medium for 4 h at 3rC and Infected with 50 pi of M13K07 helper 
20 phage. The Infected culture was diluted into 30 ml 2YT, grown overnight, and phagemid parlicfes were harvested 
by prec^'tafion with polyethylene glycol (Vierra, J.. Messing, J. iMflthftflSlnEnzvniQlOflY. 153:3-11, [1987]). 
Typical phagemid particle titers ranged from 2 to 5 x 10^ ^ cfu/ml. The parfides were purified to homogeneity by 
CsCI density centrifugation (Day, l_A. •» Moi Biol.. 39265-277. [1969]) to remove any fusion protein not 

attached to virions. 
25 EXAMPLE 0 

ini u wchentalAnalysesofhGHontheRBion Phage 

Rabbit polyclonal anfibodies to hGH were purified with protein A. and coated onto microliter plates 
(Nunc) at a concentration of 2 ng/ml in 50 mM sodum cartjonate buffer (pH 10) at 4'C for 16-20 hours. After 
washing in PBS contaira'ng 0.05% Tween 20. hGH or hGH-phagemid partictes were serially diluted Irom 2Si - 
30 0.002 nM in buffer A(50 mM Tris (pH 7£), 50 mM NaCI. 2 mM EDTA, 5 mg/ml bovine serum albumin, and 0.05% 
Tween 20). After 2 hours at room temperature (rt), the plates were washed well and the ireficated Mab 
(Cunninghamef a/, supia ) was added at 1 ugA"' in buffer A for 2 hours at rt Following vrashfng, horseradish 
peroxidase conjigated goat anti-mouse IgGantibocfy was bound at rt fori hour. After a final wash, the 
peroxidase acb'vity was assayed with the substrate, (^phe^yienediami^e. 
35 EXAMPI^n 

Coi<)lii« Of the hGH Blm&ig notdn to Poiyactylamkle Beads a^ 
Oxirane polyacrylamide beads (Sigma) were conjugated to the purified extracellular domain of the hGH 
receptor (hGHbp){Fuh.G..ef a/., J. Btol. Chem.. 265:31 11 -31 15 [1990]) containing an extra cysteine resWue 
Introduced by site^lirected mutagenesis at position 237 that does not affect binding of hGH (J. Wells, 
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unpublished). The hGHbpwascor^ugatedasrecommerKledtv the 
oxiranebead.asmeasuredbybincingofll250hGHtothe,esin.Subsequentiy.anyun«^^ 

blocked with BSAandTris-Asacontrol for non-spedfc binding Of phagemWp^^^^ 
coupledtDthebeads. Buffer for adson)tion and washing contoned 10 mMTrisHCl{pH 7.5) J mMEDT^ 

5 NaCI lnig/mlBSA.and0.02%Tween20. Elution buffers contained wash buffer plus 200 nMhGH or 05 M 
glycine (pH 2.1). parental phage M13K07was mixed with hGHphagemid particles ata^^ 
(original mixture) and tumbled for 8-12 h with a 5 m aliquot (0.2 mg of acrylamide beads) of either absorbent .n a 
50 pi volume at rc«m tempemture. The beads were pelleted by centrifugation and the supemale carefully 
removed The beads were resuspended in 200 jil wash buffer and tumbled at room temperature for 4 hours 

10 (washi) Aiierasecondwash(wash2).thebeads««reelutedtwicewfth200nMhGHfor6.10hourseach 
(eluatel eluate2). The final elution was with a glycine buffer (pH 2.1) for 4 hours to remove remaining hGH 
phagemid partides (eluate 3). Each fracton was diluted appropriately in 2YT metf«. mixed with fresh JM101 . 
incubated at ST'C for 5 minutes, and f^ated with 3 ml of 2YT soft agar on IB or LB carbenidlOn plates. 

EXAMPLE IV 

15 toBtnKiionoIhGH-phagertdPartWeswIthaMWureofGeneiaft 

The gene III protein is composed of 410 residues divided into two domains that are separated by a 
ftexHrfefinker sequence (Armstrong. J., ef a/.. EEB&ifitL 135:167.172. 11981]). The amino-temiin^ domain Is 
required for attachment to the piB of £ coft white the carboxyl-tem,^ domain is imbedded in the phage coat and 
requiredforproperphageassemt^y (Crissman. J. V^.. Smith. G. P.. ifinte 132:445455.11984]). Thesgnal 
20 sequenceandamino-terminaldomainofgeneniwasreplacedwilhthestllsi^^ 

supra) byfusiontoresidue198inthecarboxyl-terminaldomainofgeneni(Rg.1). The hGH^ne III fusion was 
placed under control of the lac promoter/operator in a plasmid (phGH-M13gIII; Rg. 1) containing the pBR322 
P4actamase gene and W El replication origin, and the phage f1 inlergenic region. ^ 

maintainedasasmall plasmid v8Ctorby8etectiononcaibenialn.wN^ 
25 forpropagatton. Alternatively, the plasmid can be eflidently packaged Into virions (calted pha^^^ 
infectton with helper phage such a8M13K07(V.eraef a/.. «|W)which avows pn^^^ 
Phagemid infectivity trters based upon transduction to caibenidllin resistance in this system varied frem 2-5 x 
10l Icotony forming units (cfuyml. The liter of the M13K07 helper phage ih these phagemid stocks is -10 
plaque forming units (pfu)ymi. 

3 0 With this system we conftmed previous studtes (Pam.ley. Smith supra) that homogeneous expressran of 

large proteins fused to gene 111 is deteterious to phage production (data not sticm). For example. inductk,n of the 
lac promoter in phGH-MISglll by addition of IPTG produced low phagemid liters. Moreover, phagemid partdes 
produced by co4nfectton with M13K07 containing an amber mutation in gene III gave very 10^ 
(<10l0 cfu/ml). We belfeved that multipte copies of the gene III fusion attadied to the phagemid surface could 

35 lead to multiple point attachment (the -chelate effecf ) of the fusion phage to the Immobilized target protein. 
Therefore to control the fusfon protein copy number we limited transcription of the hGH-gene 111 fusion by 
cultur«igtheplasmidin£co//JM101(tac|Q)whid,containsaconstitutiv^ 
The E CO// JM101 cultures containing phGH-M13glll were best propagated and infected with M13K07 in the 
absence of the lac operon Inducer (IPTG); however, this system is ftexible so that co^xpression of other gene III 
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fusion proteins can be balanced. We estonate that about 10% of the phagemid particles contain one copy of the 
hGH gene III fusion protein from the ratio of the amount of hGH per virion (based on hGH immuno-reactive material 
in CsCI gradient purifed phagemid). Therefore, the titer of fusion phage displaying the hGH gene III fusion is 
about 2 - 5 X \Q^^/ml This number is much greater than the titer of £ coli (-to8 to 109/ml) tn the culture from 
5 which they are denved. Thus, on average every £co/f cell produces 10-100 copies of phage decorated with an 
hGH gene ill fusion protein, 

EXAMPLE V 
Structural Integrity of the hGH^iene II Fusion 

ImmunoMot analysis (Rg, 2) of the hGH-gene III phagemid show that hGH cross-reactive material 
1 0 comigrates with phagemid particles in agarose gels. This Indicates thatthe hGH is tightly associated with 

phagemid particles. The hGH-gene III fusion protein from the phagemid particles runs as a single immuno-stalned 
band showing that there is little degradation of the hGH when it is attached to gene III. Wild-type gene III protein 
is cfearly present because about 25% of the phagemid particles are infectious. This is comparable to spedfic 
infectivity estimates made for wild-type M13 phage that are sfmilariy purified (by CsCI density gradients) and 
1 5 concentrations esfimated by U V absorbance (Smith, G. P. supra and Parmfey, Smith SLp/a) Thus, both wild-type 
gene III and the hGH-gene III fusion proteins are displayed in the phage poof. 

It was important to confirm that the tertiary structure of the displayed hGH was maintained in order to 
have confidence that results from binding selections will translate to the native protein. We used monoclonal 
antibodies (Mabs) to hGH to evaluate the structural Integrity of the displayed hGH gene III fusion protein (Table 
20 I). 

TABLEL Binding of Bght Different Monoclonal 
Antibodies (Mab^) to hGH and hGH Phagemid Parfldes* 



25 



Mab 


IC50 (nM) 




hGH 


hQH-phagemid 


1 


0.4 


0.4 


2 


0.04 


0.04 


3 


0.2 


0.2 


4 


0.1 


0.1 


5 


0.2 


>2.0 


6 


0.07 


0.2 


7 


0.1 


0.1 


8 


0.1 


0.1 



Values given represent the concentration (nM) of hGH or hGH-phagemId particles to give half-maximal binding to 
the particular Mab. Standard errors in these measurements are typically at or below ±30% of the reported value 
See Materials and Methods for further details. 

30 The epitopes on hGH for these Mabs have been mapped (Cunningham e/ a/- supra) and binding for 7 of 

8 Mabs requires that hGH be property folded. The IC50 values for aO Mabs were equivalent to vwld-type hGH 
except for Mab 5 and 6 . Both Mabs 5 and 6 are known to have binding detemiinants near the cariwxyl-terminus of 
hGH which is bloclced in the gene III fusion protein. The relative IC50 value for Mabl which reacts with both native 
and denatured hGH is unchanged compared to the conformationally sensitive Mabs 2-5, 7 and 8. Thus, Mabl 

35 serves as a good internal control for any errors in matching the concentration of the hGH standard to that of the 
hGH-gene III fusion. 
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EXAMPLE VI 
BirxSng Ervfchment$ on Recepuv 

Previous workers (Parmley, Smith supra ; Scott, Smith supra; Cwirla etal. supra; and Devlin etal, 
5 supra) have fractionated phage by panning with streptavidin coated polystyrene petri dishes or microtiter plates. 
However, chromatographic systems would allow more efficient fractionation of phagemid particles displaying 
mutant proteins with different binding affinities. We chose non-porous oxirane beads (Sigma) to avoid trapping 
of phagemid particles in the chromatographic resin. Furthermore, these beads have a small particle size (1 \im) to 
maximize the surface area to mass ratio. The extraceflular domain of the hGH receptor (hGHbp) (Fuh etal, , 
1 0 supra) containing a free cysteine residue was efficiently coupled to these beads and phagemid particles showed 
very low non-specific binding to beads coupled only to bovine semm albumin (Table II). 

TABLE II. 



15 Specific Binding of Hormone Phage to hGHbp-coated 

Beads Provides an Enrlcliment for hGH-phage over M13K07 Phage* 





Sample Absorbent^ 


Total pfu 


Total cfu 


Ratio (cfu/pfu) 


Enrichment§ 


20 


Original mixturet 


8.3 X 10l 1 


2.9 X 108 


3.5x10-4 


(1) 




Supernatant BSA 


7.4 X 10^1 


2.8 X 108 


3.8 X 10-4 


1.1 




hGHbp 


7.6 xlO''^ 


3.3 X 108 


4.3 x 10-4 


1.2 




Wash 1 BSA 


1.1 xlO'fO 


6.0 X 106 


5.5x10-4 


1.6 




hGHbp 


1.9x lO'lO 


1.7x 107 


8.9x10-4 


2.5 


25 


Wash 2 BSA 


5.9 X 107 


2.8 X 10^ 


4.7x10-4 


1.3 




hGHbp 


4.9 X 107 


2.7x106 


5.5x10-2 


1.6x102 




Eluate 1 (hGH)BSA 


1.1 X 106 


1.9x 103 


1.7x10-3 


4.9 




hGHbp 


1.2x106 


2.1 X 106 


1.8 


5.1 X 103 




Eluate 2 (hGH)BSA 


5.9 X 105 


1.2x 103 


2.0 X 10-3 


5.7 


30 


hGHbp 


5.5x105 


1.3x106 


2.4 


6.9 X 103 




Eluate 3 (pH 2.1)BSA 


4.6 X 105 


2.0 X 103 


4.3 X 10-3 


12.3 




hGHbp 


3.8 X 105 


4.0 X 106 


10.5 


3.0 X 104 



*The titers of M13K07 and hGH-phagemid particles in each fraction was determined 
35 by multiplying the number of plaque forming units (pfu) or carbenicillin resistant 
colony forming units (cfu) by the dilution factor, respectively. See Example IV for 
details. 

tThe ratio of M13K07 to hGH-phagemid particles was adjusted to 3000:1 in the 
original mixture. 
40 ^Absorbents were conjugated with BSA or hGHbp. 

§Enrichments are calculated by dividing the cfu/pfu ratio after each step by cfu/pfu 
ratio in the original mixture. 

In a typical enrichment experiment (Table 11), one part of hGH phagemid was mixed with >3,000 parts 
M13K07 phage. Afiisrone cyde of binding and elution. 10^ phage were recovered and the ratio of phagemid to 
4 5 M13K07 phage was 2 to 1 . Thus, a single binding selection step gave >5000-fold enrichment. Additional elutions 
with free hGIH or add treatment to remove remaining phagemids produced even greater enrichments. The 
enrichments are comparable to those obtained by Smith and coworkers using batch elution from coated 
polystyrene plates (Smith, GP. supra and Pannely, Smith supra ) however mxh smaller volumes are used on the 
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beads (200 jil vs. 6 ml). There was almost no enrichment for the hGH phagemid over M13K07 when we used 
beads rmked only to BSA. The slight enrichment obsewed for control beads (-10-fold for pH i1 elution: Table 
2) may result from trace contaminants of bovine growth homione binding protein present In the BSA linked to the 
bead. Nevertheless these data show the enrichments for the hGH phage depend upon the presence of the hGHbp 
5 on the bead suggesting binding occurs by specific interaction between hGH and the hGHbp. 

We evaluated the enrichment for wild-type hGH over a weaker binding variant of the hGH on fusion 
phagemlds to further demonstrate enrichmenl spedlicily, and to link the reduction iri binding affinity for the 
purified homiones to enrichment factors after panning fusion phagemids. A fusion phagemid was constmcted 
with an hGH mutant In which Arg64 was substiluled with Ala (R64A). The R64A variant horaione is about 20- 
1 0 fold reduced in receptor binding affinity compared to hGH (Kd values of 7.1 nM and 0.34 nM, respectively 

[Cunningham. Wfells. supra ]). The titers of the R64A hGH-gene III fusion phagemM were comparable to those of 
wild-type hGH phagemid. After one round of binding and elution (Table III) the wiW-type hGH phagemid was 
enriched from a mixture of the two phagemids plus M13K07 by 8-fokl relative to the phagemkJ R64A. and -lO* 
relative to M13K07 helper phage. 



15 



20 



30 



TABLEBI. hGHbiyooated Beads Selectfor hGH Phagemids 
Over a Weaker Binding hGH Valiant Phagemid 

nnntrol heads . hQHbPbeadS 



Sample \Arrnhanenriid enrichment WTnhaaemid enrichment 

total phagemid forWT/R64A total phagemid forWT/R64A 

Original mixture 8^20 W 8^20 

25 Supernatant ND - 4/10 1.0 

Elution 1 (hGH) 7/20 0.8 17/20 8.5* 

Elution 2 (pH 2.1) 11/20 1.8 21/27 5.2 



•The parent M13K07 phage, wild-type hGH phagem W and R64A phagemid particles were mixed at a ratio of 
lO^-i) « 6 Binding selectwns were carried out using beads linked wilh BSA (conlrot beads) or with the hGHbp 
(hGHbo beads) as described in Table II and the Materials and Methods After each step, plasmidDNA was 

isolatS(Bimboim. H. C.. DoVJ. .MJdSitMlaBfiL^ 

and analyzed by restriction analysis to determ&ie if it contained the wild-type hGH or the R64A hGH gene III 
fusion. 

35 tnie enrichment for wild-type hGH phagemid pver R64A mutant was cateulated from the ratio of hGH pha^mW 
present after each step to that present in the original mixture (8/20). divided by the correspondir^ ratio tor 
RB4A phagemRJs. WT = wild-type; ND = not determined. 

♦The enrichment for phagemid over total M13K07 parental phage was -10* after ttiis step. 

OondusiQtB 

40 Bydisplaying a mixture of wBd-type gene III and Ihe gene lllfuson prolan on phagemid particles one can 

assembleandpropagatevirionsthatdisplayalargeandproperfokledproteinasafusionto gene HI. The copy 
number of the gene III fuston protein can be effectively conlrolted to avoid 'chelate effects' yet maintained at high 
enough levels in the phagemkJ pool to pemiit panning of large epitope libraries (>10^°). We have shown that hGH 
(a 22 kD protein) can be displayed in its native folded form. Binding selections performed on receptor affinity 

45 beads eluted wilh free hGH, effidenlly enriched for wild-type hGH phagemids over a mutant hGH phagemkJ shown 
to have reduced receptor binding afnnily. Thus, it is possible to sort phagemid particles whose binding constants 
are down in the nanomolar range. 
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Protein-protein and antibody-antigen interactions are dominated by discontinuous epitopes (Janin, J.. 

fl/a/.. J.MQl.Biol.. 204:155-164. [1988]; Argos, P,.E[fiL£D£L 2:101-113, [1988]; Barlow. DJ..ef a/. , Mlia. 

322:747-748, [1987]; and Dawes. D.R.. etal. . J. Biol. Chem.. 2 63:10541-10544. [1988]); that is the residues 

directly involved Ni binding are close in tertiary structure but separated by residues not involved in binding. The 

5 screening system presented here should allow one to analyze more conveniently protein-receptor interactions and 

isolate discontinuous epitopes in proteins with new and high affinity binding properties. 

EXAMPLE VII 
Seiectkm of hGH Mutants from a Ubraiy Ran^^ 
hGHCodons172,174,176,178 

10 Construction of template 

A mutant of the hQH-gene III fusion protein was constructed using the method of KunkeL.er a/. Meth. 
Enzymol. 154. 367-382 [1987]. Template DNA was prepared by growing the plasmid pS0132 (containing the 
natural hGH gene fused to the carboxy-terminal half of M13 gene III. under control of the alkaline phosphatase 
promoter) in CJ236 cells with M13-K07 phage added as helper. Single-stranded, uracil-containing DNA was 
1 5 prepared for mutagenesis to introduce (1) a mutation in hGH which would greatly reduce binding to the hGH 
binding protein (hGHbp); and (2) a unique restriction site (Kpnl) which could be used for assaying for ~ and 
selecting against - parental background phage. Oligonucleotide-directed mutagenesis was carried out using T7 
DNA polymerase and the following oligodeoxy-nucleotide: 

Gly Thr 

20 hGH codon: 178 179 

5'-G ACA TTC CTG fiGX A^C GTG CAG T-3 ' 

< Kpnl > 

This oligo introduces the Kpnl site as shown, along with mutations (R178G. I179T) in hGH. These mutations are 

predicted to reduce binding of hGH to hGHbp by more than 30-fok). Clones from the mutagenesis were screened 
25 by Kpnl digestion and confirmed by dideoxy DNA sequencing. The resulting construct, to be used as a template 

for random mutagenesis, was designated pH041 5. 

RafriommutagfflestsiivBh 

Codons 172. 174, 176, 178 were targeted for random mutagenesis in hGH, again using the method of 

Kunkel. Single-stranded template from pH0415 was prepared as above and mutagenesis was carried out using 
30 the following pool of oligos: 

hGH codon: 172 174 

5'- GC TTC AGG AAG GAC ATG GAC MlIS. GTC NNS ACA- 

35 lie 
176 178 179 

- una CTG una AXC GTG CAG TGC CGC TCT GTG G-3* 

As shown, this oligo pool reverts codon 179 to wild-type (He), destroys the unique Kpnl site of pH0415, and 
introduces random codons (NNS, where N= A,G,C, or T and S== 6 or C) at positions 172,174,176, and 178. Using 

40 this codon selectton in the context of the above sequence, no additional Kpnl sites can be aeated. Tlie choice of the 
NNS degenerate sequence yiekis 32 possible codons (including one "stop" codon, and at least one codon for each 
amino add) at 4 sites, for a total of (32)"^= 1 ,048,576 possible nucleotide sequences (12% of whtoh contain at 
least one stop codon), or (20)^- 160,000 possible polypeptide sequences plus 34,481 prematurely terminated 
sequences (i.e. sec^jences containing at least one stop codon). 

45 Propagation of the Initial library 
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The mutagenesis products were extracted twice with phenolxhloroform (5030) and ethanol 
precipitated with an excess of carrier tRNA to avoid adding salt that would confound the subsequent 
electroporation step. Approximately 50 ng (15 fmols) of DNA was electroporated into WJM101 cells (2.8 x 10^0 
cellsftnL) in 45 jiL total volume in a 0.2 cm cuvette at a voltage setting of 2.49 kV with a single pulse (time 

5 constant =4.7 msec). 

Thecellswereallowedtorecoverl hour at 37^0 vrith shaking, then mixed wift 25 mL2YT medium, 100 
jig/mL carbenicillin, and M13-K07 (multiplicity of infection = 1000). Plating of serial dOutions from this culture 
onto carbenidllin-containing media indicated that 8.2 x 10^ electrotransformants were obtained. After 10' at 
23OG. the culture was incubated overnight (15 hours) at 37^0 vrith shaking. 

1 0 After overnight incubation, the cells were pelleted, and double-stranded DNA (dsDNA), designated 

pLIBI , was prepared by the alkaline lysis method. The supernatant was spun again to remove any remaining cells, 
and the phage, designated phage pool (|)1 . were PEG-predpitated and resuspended in 1 mL STE buffer (10 mM 
Tris. pH 7.6, 1 mM EDTA. 50 mM NaCI). Phage titers were measured as colony-fonnir^ units (CPU) for the 
recombinant phagemid containing hGH-g3p gene III fusion (hGH-gS) plasmid. and plaque-fonning units (PFU) for 

1 5 the M13-K07 helper phage. 

antinyaetectfan using frmio^ 

1. BINDING: An aliquot of phage pool <|)1 (6 x 10^ CPU, 6 x 10^ PFU) was cfiluted 4.5-fold in buffer A 
(Phosphate-buffered saline. 05% BSA, 0.05% Tween-20. 0.01% thimerosal) and mixed with a 5 jiL suspension of 
cxirane-potyacrylamkJe beads coupled to the hGHbp containing a Ser237 Cys mutation (350 fmols) in a 1 .5 mL 

20 silated polypropylene tube. As a control, an equivalent aliquot of phage were mixed in a separate tube with beads 
that had been coated with BSA only. The phage were altowed to iMnd to the beads by incubating 3 hours at room 
temperature {23^0) with slow rotation (approximately 7 RPM). Subsequent steps were carried out with a 
constant volume of 200|iL and at room temperature. 

2. WASH: The beads were spun 15 sec., and the supernatant was removed (Sup. 1). To remove 

25 phage/phagemid not specifically bound, the beads were washed twice by resuspending in buffer A, then pelleting. 
A final wash consisted of rotating the beads in buffer A for 2 hours. 

3. hGH ELUTION: Phage/phagemid binding weakly to the beads were remove by stepwise elufion witii 
hGH. In the first step, the beads were rotated with buffer A containing 2 nM hGH. After 17 hours , the beads 
were pelleted and resuspended in buffer A containing 20 nM hGH and rotated for 3 hours, then pelleted. In the 

3 0 final hGH wash, the beads were suspended in buffer A containing 200 nM hGH and rotated for 3 hours then 
pelleted. 

4. GLYCINE ELUTION: To remove the tightest-binding phagemid (i.e. those still bound after the hGH 
washes), beads were suspended in Glycine buffer (1 ILGlycine, pH 2.0 with HQ), rotated 2 hours and pelleted. 
The supernatant (fraction "G"; 200jiL) was neutralized by adding 30 ^L of 1 M TOs base. 

35 Fraction G eluted from the hGHbp-beads (1 x 10^ CPU. 5 x 10^ PFU) was not substantially enriched 

for phagemid over K07 helper phage. We believe this resulted from the fact that K07 phage packaged during 
propagation of the recombinant phagemid display the hGH-g3p fusion. 
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However, when compared with fraction G eluted from the BSA-coated control beads, the hQHbp-beads 
yielded 14 times as many CFU's. This reflects the enrichment of tight-t)inding hGH-displaying phagemid over 
nonspedfically-blnding phagemkJ. 

5. PROPAGATION: An aliquot (4.3 x 10^ CFU) of fraction G eluted from the hGHbp-beads was used 
5 to infect log-phase WJM101 cells. Transductions were carried out by mixing 100 fraction G with 1 mL WJM101 
cells, incubating 20 min. at SP>C, then adding K07 (multiplicity of infectionr; 1000). Cultures (25 mL 2YT plus 
carbenidllin) were grown as described above and the second pool of phage (Library 1G, for first glycine elution) 
were prepared as described above. 

Phage from library 1 G (Fig. 3) were selected for binding to hGHbp beads as described above. Fraction 
10 G eluted from hGHbp beads contained 30 times as many CFU's as fraction G eluted from BSA-beads in this 
selection. Again, an aliquot of fraction G was propagated in WJM101 cells to yield library 1G^ (indicating that 
this library had been twice selected by glycine elution). Double-stranded ONA (pLIB IG^) was also prepared 
from this culture. 

Km! dsm and nffaflptkyvsetectfon of dsDNA 
15 To reduce the level of background (Kpnl*^) template, an aliquot (about 0.5 ^g) of pLIB 1G^ was 

digested with Kpnl and electroporated into WJMlOl cells. These cells were grown in the presence of K07 
(multipEdty of infection:= 100) as described for the initial library, and a new phage pool, pLIB 3, was prepared 
(Fig. 3). 

In addition, an aliquot (about 0.5 ^g) of dsDNA from the initial library (pLIBI) was digested with Kpnl 
20 and electroporated directly into WJM101 cells. Transformants were allowed to recover as above, infected with 
M13-K07, and grown overnight to obtain a new library of phage, designated phage Library 2 (Rg. 3). 

i?<i(MyBfilvf rounds Of sefegt^ 

Phagemid binding, elution, and propagation were canled out in successive rounds for phagemid derived 
from both pLIB 2 and pLIB 3 (Fig. 3) as described above, except that (1) an excess (10-fold over CFU) of 
25 purified K07 phage (not displaying hGH) was added in the bead-binding cocktail, and (2) the hGH stepwise 
elutions were replaced with brief washings of buffer A alone. Also, in some cases, XLI-Blue cells were used for 
phagemki propagation. 

An additional digestk)n of dsDNA with Kpnl was carried out on pLIB 2G3 and on pLIB 3G^ before the 
final round of bead-binding selection (Rg. 3). 
30 PN A Swumdng sgterted phaqHrtds 

Four independently isolated dones from LIB 4G^ and four independently isolated ctones from LIB SG^ 
were sequenced by dkieoxy sequencing. All eight of these ctones had kJentical DNA sequences: 

hGH codon: 172 174 176 178 

35 5' *AAG GTC TCC ACA TAG CTG AGG ATC-3' 

Thus, all these encode the same mutant of hGH: (E1 74S, F1 76Y). FteskJue 1 72 in these clones is Lys as in wild- 
type. The codon selected for 172 is also kientical to wild-type hGH. This is not surf^sing since AAG is the only 
lysine-codon possible from a degenerate "NNS' codon set Reskiue 178-Arg is also the same as wild-type, but 
here, the codon selected from the library was AAG instead of CGC as is found in wild-type hGH, even though the 
40 latter codon is also possible using the 'NNS" codon set. 
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y..mpiirnvflfl«!7lnfeetlfln 

The multiplicity of kifection of K07 infection is an important parameter in the propagaton of 
recoml)inant phagemlds. The K07 multipOcity of infiection must be high enough to insure that virtually all cells 
transfomied or transfected with phagemid are able to package new phagemid parfides. Furthennore, the 
5 concenttation of wild-lype gene ill in eachceli should be kept high to reduce the possibility of multiple hGH-gene III 
fusion molecules being displayed on each phagemid partide, thereby reducing chelate effects in binding. However, 
if the K07 multiplidty of infection is too high, the padaging of KD7 will compete with that of recombinant 
phagemid. We find that acceptable phagemid yields, wilh only 1-10% bad(ground K07 phage, are obtained when 
the K07 multiplidty of infection is 100. 



Table IV. 



Phage Pod 


moi (K07) 


Enrichment 
CFU/PFU 


hGHbp/BSA beads 


Fraction Kpnl 


LIB1 

UB1G 

UB3 

LIB3G3 

UB3G* 

UB5 


1000 

1000 

100 

10 

100 

100 


ND 

ND 

ND 

ND 

460 

ND 


14 

30 

1.7 

85 

220 

15 


0.44 

057 

0.26 

0.18 

0.13 

ND 


LIB 2 
LIB 26 
LIB 26^ 
LIB 4 


100 
10 
100 
100 


ND 
ND 
100O 
170 


1.7 
4.1 
27 
38 


<0.05 
<0.10 
0.18 
ND 



Phage pools are labelled as shown (Rg. 3). The multiplidty of infeciion (moi) refers to the multiplidty of K07 
infection (PFU/cells) in the propagation of phagemid. The enrichmentof CFU over PFU is shown in those cases 

1 5 where purified K07 was added in the binding step. The ratio of CFU eluting from hGHbp-beads over CFU eluting 
from BSA-beads is showa The fraction of KpnI-containing template p.. pH0415) remaining in the pool was 
determined by digesting dsDNA with Kpnl plus EcoRI. runnnig the products on a 1% agarose gel. and laser- 
scanning a negative of the ethidium bromide-stained DNA. 
qof^tnr.Mndlng afflnltv of Hie hflrmone hGHfE174S. F176Y) 

20 The fact ttiat a single done was isolated from two different pathways of selection (Fig. 3) suggested 

that the double mutant (E174S,F176Y) binds strongly to hGHbp. To determine the affinity of this mutant of 
hGH for hGHbp, we constmcted this mutant of hGH by site-directed mutagenesis, using a plasmid (pB0720) 
which conla&is the wild-type hGH gene as template and the following oligonucleotide which changes codons 174 and 
176: 

25 hGH codon: 172 174 176 178 

Lys Ser Tyr Arg 
5'- ATG GAC AAG GTfi ICG ACA T^C CTG CGC ATC GTG -3' 

The resulting construct, pH0458B. was transfomied into £ coli strain 16C9 for expression of ttie mutant 
30 honnone. Scatdiard analysis of competitive binding of hGH(E174S.F176Y) versus ^^mH to hGHbp indicated 
that the (E174S,F176Y) mutant has a binding affinity at least 5.0-fbld tighter ttian that of wild-type hGH. 
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EXAMPLE VIII 

SELECTION OF hGH VARI ArrrS FROM A 
5 HEUX^ RANDOM CASSEHE UBRARY OF HORMONE-PHAGE 

Human growth hormone variants were produced by the method of the present invention using the 

phagemid described in figure 9. 

We designed a vector for cassette mutagenesis (Wells et al., QSIS. 34, 315-323 [1985]) and expression 
10 of the hGH-gene III fusion protein with the objectives of (1 ) improving the linkage between hGH and the gene III 
moiety to more favorably display the hGH moiety on the phage (2) limiting expression of the fusion protein to 
obtain essentially "monovalent display; (3) allowing for restriction nuclease selection against the starting vector, 
(4) eliminating expression of fusion protein from the starting vector, and (5) achieving facile expression of the 
corresponding free honnone from a given hGH-gene III fusion mutant 
1 5 Plasmid pS0643 was constmcted by oligonucleotide-directed mutagenesis (Kunkel et al., MSlbOdS 

Enzymol. 154, 367-382 [1987]) Of pS0132. which contains pBR322 and f1 origins of replication and expresses an 
hGH-gene III fusion protein (hGH residues M91, followed by a single Gly reskiue, fused to Pro-198 of gene III) 
under the control of the E. coll phoA promoter (Bass et al., Proteins 8, 309-314 [1990])(Rgure 9). Mutagenesis 
was carried out with the oligonucleotide 5 -GGC-AGC-TGT-GGC-TEHAJLAGT-GGC-GGC-GGC-TCT- 
20 GGT-3\ which introduces a Xt2al Site (underlined) and an amber stop oodon (TAG) foltowing Phe-191 of hGH. In 
the resulting construct, pS0643, a portion of gene III was deleted, and two silent mutations (underlined) 
occurred, yielding the following junctkm between hGH and gene III: 

— faGH > gene m > 

25 187 188 189190 191 amf 249 250 251 2S2 253 254 

cay Ser Cys Cfy Ffae Ghi Ser Cfy (3y Gty Ser CSy 

GGCi^ TGT CCA TIC TAG AGT GGQ GGT GGC TCT GGT 

This shortens the total size of the fu^on protein from 401 residues in pS0132 to 350 reskiues in 
30 pS0643. Experiments using monoclonal antibodies against hGH have demonstrated that the hGH portion of the 
new fuston protein, assembled on a phage partkde, is more accessible than was the previous, tonger fusion. 

For propagatkin of honnone*displaying phage, pS0643 and derivatives can be grown in a amber- 
suppressor strain of E. coll. such as JM101 or XLI-Blue (Bullock et al., BioTechnigues 5, 376-379 [1987]). Shown 
above Is substitution of Glu at the amber codon which occurs in ^uqE suppressor strains. Suppression with other 
35 amino ackis is also possible in various avails strains of well known and publically available. 

To express hGH (or mutants) free of the gene III portion of the fusion, pS0643 and derivatives can 
simply be grown in a non-suppressor strain such as 1609. In this case, the amber codon (TAG) leads to 
termination of translation, whk:h yiekls free hormone, without the need for an independent DNA constructton. 

To create sites for cassette mutagenesis, pS0643 was mutated with the oligonucleotides (1) 5-CGG- 
40 ACT-GGG-CAJ5:A3MTC-AAG-CAG-ACC-3', which destroys the unique figlli site of pS0643; (2) 5'-GTC- 
AAG-AAC-TAC-G GG-TTA-CCC -TGA-CTG-CTT-CAG-GAA-GG-3'. which inserts a unique BstEII site, a 
Single-base frameshift, and a non-amber stop codon (TGA); and (3) 5'-CGC-ATC-GTG-CAG-TGC-ASAiECI- 
GTG-GAG-GGC-3\ which introduces a new figlll site, to yield the starting vector. pH0509. The addition of a 
frameshift along with a TGA stop codon insures that no genelll-fusion can be produced from the starting vector. 
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The BslEU- fifllH segment is cut out of pH0509 and replaced with a DNA cassette, mutated at the codons of 

interest Other restriction sites for cassette mutagenesis at other locations in hGH have also Ijeen introduced into 

the hormone-phagevector. 

gjjj ^fte mulaap nffils yrtfrtn helh4 of hGH 
5 Codons 172, 174, 176 and 178 of hGH were targeted for random mutagenesis iKcause they all lie on or 

near the surface of hGH and contritjute significantly to receptor-*inding (Cunningham and WeDs. ScifiDCS 244. 

1081-1085 [1989D;they alt lie within a well-defined stractute. occupying 2 turns' on the same side of helix 4; 

and they are each sulsfitutedbyat least one amino add among known evolufc 

We chose to substitute NNS (N=A/G/C/r: S=G/C) at each of the target residues. The choice of the 
1 0 NNS degenerate sequence yields 32 possible codons (including at least one codon for each amino acid) at 4 sites. 

for a total of (32)4» 1.048.576 possible nucleotide sequences, or (20)*= 160.000 possible polypeptide 

sequences. Only one stopcodon.amber(TAG). Is allowed by this choice of codons, and this codon is suppressible 

as GIu 01 supE strains otE-ssH- 

Two degenerate oligonudeolides, with NNS at codons 172. 174. 176. and 178, were synthesized. 
1 5 phosphoryfated. and annealed to constroct the mutagenic cassette: 5*-GT-TAC-TCT-ACT-GCT-TTC-AGG- 
AAG-GAC-ATG-GAC-NNS-GTC-NNS-ACA-NNS-CTG-NNS-ATC-GTG-CAG-TGC-A-3'. and 5'-GA-TCT- 
GCA-CTG-CAC-GAT-SNN-CAG-SNW-TGT-SNN-6AC-SNN-GTC-CAT-GTC-CTT-CCT-GAA-GCA-GTA- 

GA-3'. 

THe vector was prepared by digesting pH0509 with BslEll fbflowed by fifllll. The products were run on 
20 a 1% agarose gel and the large fragment exdsed. phenol-extracted, and ethanolpredpitat^^^ This fragment was 
treated with calf intestinal phosphatase (Boehringer), then phenol:chloiofomi extracted, ethanol precipitated, 
and resusperkled for ligation with the mutagenic cassette. 

pn^aHnn of Ih^lnHfarnftraryln XLLBrue CC»5 

Fbliovwng ligation, the reaction products were again (figested wilh MHl, then phenolshlorofomi 
25 extracted, ethanol precipitated and lesuspended in water. (A BslEU recognition site (GGTNACC) is created 
within cassettes which contain a fi at position 3 of codon 172 and an ACC (Thr) codon at 174. However, 
treatment withBsIHl at this step should not seted against any of the possible mutagenic cassettes, because 
virtually all cassettes will be heteroduplexes. which cannot be cleaved by the enzyme.) Approximately 150 ng (45 
fmols) of DNA was efectroporated into XLI-Blue cells (1.8 x lO^ cells in 0.045 ml) in a 02 cm cuvette at a 
30 voltage setting of 2.49 kV vinth a single pulse (time constant = 4.7 msec.). 

The cells were altovred to recover 1 hour at 370C in S.O.C metfia with shaking, then mixed wHh 25 ml 
2YT medium, 100 mg/mL carbenicilBn, and M13-K07 (moi= 100). After 10" at 230C, the culture was incubated 
overnight (15 hours) at 370C with shaking. Plating of serial dflutions from this culture onto carbeniciliin- 
containing media indicated that 3.9 x 10^ electtotransformants were obtained. 
35 After overnight incubation, the cells were peOeted, and double-stranded DNA (dsDNA). deagnated 

PH0529E (the initial library), was prepared by the alkaline lysis method. The supernatant was spun again to 
remove any remaining cells, and the phage, designated phage pool 4.H0529E (the initial library of phage), were 
PEG^preaptatedandresuspendedinl mLSTEbuffer(10mMTris,pH7.6,1 mlWIEDTA,50mMNaCI). Phage 
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titers were measured as colony-forming units (CPU) for the recombinant phagemid containing hGH-g3p. 
Approximately AS x 10^3 cpu were obtained from the starting library. 
Degeneracy of the starting flbran/ 

From the pool of eledrotransformants, 58 clones were sequenced in the region of the BstEil-Bgill 
5 cassette. Of these, 1 7% corresponded to the starting vector, 17% contained at least one frame shift, and 7% 
contained a non-silent (non-terminating) mutation outside the four target codons. We corK:lude that 41 % of the 
dones were defective by one of the above measures, leaving a total functional pool of 2.0 x 10^ initial 
transformants. This number still exceeds the possWe number of DNA sequences by nearly 20-fold. Therefore, 
we are confident of having all possible sequences represented in the starting library. 
1 0 We examined the sequences of non-selected phage to evaluate the degree of codon bias in the 

mutagenesis (Table V). The results indicated that, although some codons (and amino adds) are under- or over- 
represented relative to ttie random expectation, the library is extremely diverse, with no evidence of targe-scale 
•sibling' degeneracy (Table VI). 

Table V. 

15 

Codon distribution (per 188 codons) of non-selected hormone phage. Cbnes were sequenced from the starting 
library (pH0529E). AH codons were tabulated, induding those from dones which contained spurious mutations 
and/or frameshtfts. ^ Note: the amber stop codon (TAG) is suppressed as Glu in XLI-Blue cells. Highlighted 
codons were over/under-represented by 50% or more. 

20 





fiesidue 


Number exoected 


Number found 


Found/ExKcted 




Leu 


17.6 


18 


1J) 


25 


Ser 


17.6 


26 


15 




Arg 


17.6 


10 


0.57 




Pro 


11£ 


16 


1.4 




Thr 


11.8 


14 


1.2 


30 


Ala 


11.8 


13 


1.1 




Gly 


m 


16 


1.4 




Val 


m 


4 


0.3 




le 


5.9 


2 


0.3 


35 


Met 


5.9 


1 


0.2 




Tyr 


5.9 


1 


0.2 




His 


5.9 


2 


0.3 




Trp 


5.9 


2 


0.3 




Phe 


5.9 


5 


0.5 


40 


Cys 


5.9 


5 


0.9 




cm 


5.9 


7 


1.2 




Asn 


5.9 


14 


2.4 




Lys 


5.9 


H 


15 




Asp 


5.9 


9 


1.5 


45 


Gki 


5.9 


6 


1.0 




amber* 


5.9 


6 


1.0 
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Table VL 

Non-salected (DH0529E) clones with an open reading frame. , . 

iS Sn. i!g!TWGS; denotes the hGH mutant 172T/174W/176G/178S. Amber {TAG) codons. translated 

5 as Glu in XLI-Blue ceils are shown as E. 



KeNT KTEQ CVLQ 

TWGS NNCR EASL 

PeER FPCL SSKE 

10 LPPS NSDF ALU. 

SLOP HRPS PSHP 

QQSN LSU SYAP 

GSKT NGSK ASNG 

TPVT LTTE EANN 

15 RSRA PSGG KNAK 

LCGL LWFP SRGK 

TGRL PAGS GLDG 

AKAS GRAK NDPi 

GNOD GTNG 

20 



Proration of ImmQhiHzP rt hBMbn and hPRUlO 

lmmol)iDzed hGHbp (■hGHl)p-beads') was prepared as described (Bass et al., Proteins 8, 309-314 
[1990]). except that wild-type hGHbp (Fuh et al.. J. BiQi.CheiTt. 265, 3111-31 15 [1990D was used. Competitive 
25 binding expenments with p 25|] hGH indicated that 58 fmols of functional hGHbp were coupled per jiL of bead 
suspensioa 

Immobilized hPRLbp ("hPRUjp-beads*) was prepared as above, using the 21 l-residue extracellular 
domalnof the prolacfinreceptor(Cunninghametal..ScifiIlCfi250J709-1712(19901). Competitive binding 
experimentswith [125|]hGH in the presence of 50 mM zinc indicated that 2.1 fmols of functional hPRLbp were 
30 coupled per^ of bead suspension. 

•Blank beads" were prepared by treafing the oxirane-acrylamide beads with 0.6 M ethanolamine (pH 

9.2) for 15 hours at 4OC. 

pin^liiy<fiteeHQn using lirmnblltodhGHtoandhPRIDD 

Binding of homone-phage lo beads was carried out in one of the foOowing buffers: Buffer A (PBS. 

35 0.5% BSA, 0.05% Tvwen 20, 0.01% tWmerosal) for selections using hGHbpand Wank beads; Buffer B (50 mM 
trispH 7.5, 10 mM MgCi2, 05% BSA. 0.05% Tween 20. 100 raMZnCl2) for selecfions using hPRLbp in the 
presence of zinc {+ Zri2+); or Buffer C (PBS, 05% BSA, 0j05% Tween 20, 0.01% thimerosal, 10 mM EDTA) for 
selections using hPRI±p in the absence of zinc (+ EDTA). Binding selecfions were carried out according to each 
of the following paths: (1) binding to blank beads, (2) binding to hGHbp4)eads. (3) binding to hPRU)p4)eads (+ 

40 Zn2+), (4) binding to hPRLbp-beads (+ EDTA), (5) pre-adsorbing twice with hGHbp beads then binding the 
non-adsorbed fraction to hPRLbp-beads 

C-hGHbp, +hPRLbp' selection), or (6) pre-adsorbing twice with hPRLbp-beads flien binding the non-adsorbed 
fraction to hGHbp-beads ("-hPRLbp, +hGHbp" selection). The latter two procedures are expected to enrich 
for mutants binding hPRLbp but not hGHbp, or for mutants binding hGHbp but nothPRLbp, respectively. 
45 Bniding and elub'on of phage was carried out in each cycle as follows: 

1. BINDING: An aliquot of hormone phage (typically 10^ -10™ CFU) was mixed with an equal amount of 
non-homione phage (pCAT). diluted into the appropriate buffer (A, B. or C), and mixed with a 10 ml suspension 
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of hGHbp, hPRLbp or blank beads in a total volume of 200mL in a 1 £ mL polypropylene tube. The phage were 
allowed to bind to the beads by incubating 1 hour at room temperature (23^C) with slow rotation (approximately 
7 RPM). Subsequent steps were carried out with a constant volume of 200^1 and at room temperature. 

2. WASHES: The beads were spun 15 sec., and the supernatant was removed. To reduce the number of 
5 phage not specifically bound, the beads were washed 5 times by resuspending briefly in the appropriate buffer, 

then pelleting. 

3. hGH ELUTION: Phage binding weakly to the beads were removed by elutton with hGH. The beads 
were rotated with the appropriate buffer containing 400 rW^GH for 15-17 hours. The supernatant was saved as 
the 'hGH elution' and the beads. The beads were washed by resuspending briefly in buffer and pelleting. 

1 0 4. GLYCINE ELUTION: To remove the tightest-binding phage (i.e. those stiU bound after the hGH 

wash), beads were suspended in Glycine buffer (Buffer A plus 0.2 M.GIycine, pH 2.0 with HCI), rotated 1 hour and 
pelleted. The supematant ("Glycine elution'; 200)xL) was neutralized by adding 30 mL of 1 M Tris base and 
stored at 4^ C. 

5. PROPAGATION: Aliquots from the hGH elutions and from the Glycine elutions from each set of 
1 5 beads under each set of condittons were used to infect separate cultures of k)g-phase XLl -Blue cells. 

Transductions were carried out by mixing phage with 1 mL XL1*Blue cells, incubating 20 min. at 37^0, then adding 
K07 (mois 100). Cultures (25 mL 2YT plus carbenicillin) were grown as described above and the next pool of 
phage was prepared as described above. 

Phage binding, elution, and propagation were carried out in successive rounds, according to the cycle 
20 described above. For example, the phage amplified from the hGH elutton from hGHbp-beads were again selected 
on hGHbp-beads and eluted with hGH, then used to infect a new culture of XLl -Blue cells. Three to Ave rounds of 
selectton and propagatton were carried out for each of the selection procedures described above. 
DNA Sefluendno of selected Dhaaemkte 

From the hGH and Glycine elution steps of each cycle, an aliquot of phage was used to inoculate XLI-Blue 

2 5 cells, which were plated on LB media containing cariseniclllin and tetracycline to obtain Independent clones from 

each phage pool. Single-stranded ONA was prepared from isolated colony and sequenced in the region of the 
mutagenic cassette. The results of DNA sequencing are summarized in temns of the deduced amino ackl sequences 
in Figures 5, 6, 7, and 8. 

30 Explosion artiiTfffflfff hGH rnm 

To detenntne the binding affinity of some of the selected hGH mutants for the hGHbp, we transformed 
DNA from sequenced ctones into£j^ strain 16C9. As described above, this is a non-suppressor strain which 
terminates translation of protein after the final Phe-191 residue of hGH. Single-stranded DNA was used for 
these transformations, but double-stranded DNA or even whole phage can be easily electroporated into a non- 

3 5 suppressor strain for expression of free homnone. 

Mutants of hGH were prepared from osmotically shocked cells by ammonium sulfate predpitation as 
described for hGH (Gson et al., HahilS, 293, 408-41 1 [1981]), and protein concentrations were measured by 
laser densitomoetry of Coomassie-stained SDS-polyacrylamide gel electrophoresis gels, using hGH as standard 
(Cunningham and Wells, SciSDOS 244, 1081-1085 [1989]). 
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30 



40 



45 



36 



The binding affinity of eacfi mutant was determined by displacement of 1 25| hGH as described (Spencer 
et al.. J BIoLChem. 263, 7862-7867 [1988] ; Fuh stal J Biol. Chem. 2fiS. 31 11-3115 [1990]). using an anti- 
receptor monoclonal antibody (Mab263). 

Ttie tesulls for a number of fiGH mutants, selected by different pattrways (Fig. 6) are shown in Table 
VII. Many of these mutants have a tighter binding affffiity for hGHbp than wild-type hGH. The most improved 
mutant, KSYR, has a binding affinity 5.6 times greater than lhat of wild-type hGH. The weakest selected 
mutant among those assayed was only about l&'fbid lower in bln(fing affinity than hGH. 
Binding assays may be carried out for mulants seletied for hPRU)p-bin(fing. 

Table VII. 
Competitive binding to hGHbp 

The selected pool in which each mutartt was found Is indicated as 1G (first glycine selecfion). 3G (thW 
glycine selectfon>, 3H (third hGH selection), 3* (third selecfion, not binding to hPRLbp, but binding to hGHbp). 
15 ThenumberoffiraesearfimutantoccurnedamongallsequencedclonesisshownO. 



20 



Mutant 


Kd (nM) 


Kd(mut)/Kd(hGH) 


Pool 


KSYR (6) 


0.06 + O.Ot 


0.18 


1G,3G 


RSFR 


0.10 -I- 0.05 


0.30 


30 


RAYR 


0.13 + 0.04 


0.37 


3* 


KTYK (2) 


0.16 * 0.04 


0.47 


H,3G 


RSYR (3) 


0.20 + 0.07 


0.58 


1G3H,3G 


KAYR (3) 


0.22 -i- 0.03 


0.66 


3G 


RF=FR (2) 


0.26 + 0.05 


0.76 


3H 


KQYR 


0.33 + 0.03 


1.0 


3G 


KEFR= wt (9) 


0.34+ 0.05 


1.0 


3H,3G,3* 


RTYH 


0.68 + 0.17 


2.0 


3H 


QRYR 


0.83 + 0.14 


2.5 


3* 


KKYK 


1.1 +0.4 


3.2 


3* 


RSFS (2) 


1.1 +0.2 


3.3 


3G,*^ 


KSNR 


3.1 +0.4 


9.2 


3* 



Addrtfve and twiv addltfve effects on Mndina 

At some residues, subsb'tution of a particular amino add has essentially the same effect independent of 
50 surrounding residues. For example, substitution of F1 76Y in the background of 1 72FV1 74S reduces binding 
affinity by 2.0-fold (RSFR vs. RSYR). Similarfy, in the background of 172K/1 74A the binding affinity of the 
F176Y mutant (KAYR) is 2.9-fold weaker than the corresponding 176F mutant (KAFR; Cunningham and Wells. 
1989). 
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On the other hand, the binding constants determined for several selected mutants of hGH demonstrate 
non-additive effects of some amino acid substitutions at residues 172. 174, 176. and 178. For example, in the 
background of 172K/176Y, the substitution E174S results in a mutant (KSYR) which binds hGIHbp 3.7-fold 
tighter than the corresponding mutant containing E174A (KAYR). However, in the background of 172R/176Y, 
5 the effects of these E174 substitutions are reversed. Here, the E174A mutant (RAYR) binds 1 .5-fold tighter 
than the E174S mutant (RSYR). 

Such non-additive effects on binding for substitutions at proximal residues illustrate the utility of 
protein-phage binding selectton as a means of selecting optimized mutants from a library randomized at several 
positions. In the absence of detailed structural infonnation, without such a selection process, many combinations of 
1 0 substitutions might be tried before finding the optimum mutant. 

EXAMPLE IX 

SELECTION OF hGH VARIANTS FROM A HELIX-1 RANDOM CASSETTE 
1 5 UBRARY OF HORMONE-PHAGE 

Using the methods described in Example VIII, we targeted another region of hGH involved in binding to 
the hGHbp and/or hPRLbp. helix 1 revues 10, 14, 18, 21 , for random mutagenesis In the phGHam-g3p vector 
(also known as pS0643; see Example Vlll). 

20 We chose to use the "amber* hGH-gS construct (called phGHam-g3p) because it appears to make the 

target protein, hGH, more accessible for binding. This is supported by data from comparative ELISA assays of 
monoclonal antibody binding. Phage produced from both pS0132 (S. Bass, R. Greene, J. A. Wells, Proteins 8, 
309 (1990).) and phGHam-g3 were tested with three antibodies (Medix 2. 1B5.G2, and 5B7.C10) that are known 
to have binding determinants near the carboxyl-terminus of hGH [B. C. Cunningham. P. Jhurani, P. Ng. J. A. Wells, 

25 Science 243, 1330 (1989); B. C. Cunningham and J. A. Wells, SdenceiM, 1081 (1989); L Jin and J. Wells, 
unpublished results], and one antibody (Medix 1 ) that recognizes detenninants in helices 1 and 3 ([B. C. 
Cunnin^m. P. Jhurani. P. Ng, J. A. Wells, Science 243, 1330 (1989); B. C. Cunningham and J. A. Wells. Science 
244, 1081 (1989)]). Phagemid particles from phGHam-g3 reacted much more strongly with antibodies Medix 2. 
1B5.G2, and 5B7.C10 than did phagemid particles from pS0l32. In partk:ular, binding of pS0l32 particles was 

30 reduced by >2000-fokl for both Medix 2 and 5B7.C10 and reduced by >25-foki for 1B5.G2 compared to binding 
to Medix 1. On the other hand, bindir^ of phGHam-g3 phage was weaker by only about 1 .5-fbld, 1 .2-fold, and 2.3- 
fok) for the Medix 2, 1 B5.G2, and 5B7.C10 antibodies, respectively, compared with binding to MEDIX 1 . 

Cgn5mt«9nqfthghplb^1IIIWrY^?YW?$gttg^ 

We mutated residues in helix 1 that were previously klentified by alanine-scanning mutagenesis [B. C. 

35 Cunningham. P. Jhurani, P. Ng, J. A, Wells, Science 243, 1330 (1989); B. C. Cunningham and J. A. Wells, Sdence 
244, 1081 (1989), 15, 16) to modulate the binding of the extracellular domains of the hGH and/or hPRL 
receptors (called hGHbp and hPRLbp, respectively). Cassette mutagenesis was carried out essentially as 
described (J. A. Wells, M. Vasser, D. B. Powers. Gene 34, 315 (1985)]. This library was constructed by cassette 
mutagenesis that fully mutated four residues at a time (see Example Vlll) which utilized a mutated version of 

4 0 phGHam-g3 into which unique Kpn\ (at hGH codon 27)and Xho\ (at hGH codon 6) restriction sites (underlined 
betow) had been inserted by mutagenesis [ T. A. Kunkel, J. D. Roberts. R. A. Zakour, Methods EnzymoL 154, 367- 
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382J with the oligonucleotides 5'-GCC TTT GAC AfiaJA£l£AG GAG TTT G-3' and 5'-CCA ACT ATA CCA 
H TC TCG AGG TCT ATT CGA TAA C^*. respcclively. The later oBgo also Introduced a +1 frameshift 
(italicized) to terminate translation from the starting vector and minimize wild-type backgound in the phagemid 
library. This strating vector was designated pH0508B. The heOx 1 library, which mutated hGH residues 10, 14, 
5 18. 21 , was constructed by Bgating to the large Xho\-Kfm\ fragment of pH(B08B a cassette made from the 
complementary oligonucleotides 5"-pTCG AGG CTC NNS GAC AAC 6CG NNS CTG CGT GCT NNS CGT CTT 
NNS CAG CTG GCC TTT GAC ACQ TAC-3' and 5'-pGT GTC AAA GGC CAG CTG SNN AAG ACG SNN AGC 
ACQ CAG SNN CGC GTT GTC SNN GAG CC-3'. The Kpn\ site was destroyed inthe juncfion of the figation 
product so that restriction enzyme digestion could be used for analysis of non-mutated background. 

10 The library contained at least 10^ independent transfonnants so that if the library were absolutely 

random {106 different combinations of codons) we wouW have an average of about 10 copies of each possible 
mutated hGH gene. Restriction analysis using Kpni indicated that at least 80% of heOx 1 library constructs 
contained the inserted cassette. 

Binding enrichments of hGH-phage from the libraries vras carried out using hGHbp immobilized on 

15 oxiranei)oIyacrylamklebeads(SigmaChemkalCo.)asdescribed(ExampleVIII). Four residues in heUx 1 (FIO. 
M14, H18. and H21) were similarly mutated and after4and Ocydes a non-wiM-type consensus developed (Table 
VIII). Position 10 on tfie hydtophobk; tace of helix l tended to be hydrophobic whereas positions 21 and 18 on the 
hydrophiliic face tended were dominated by Asn; no obvious consensus was evkfent for position 1 4 (Table IX). 
The binding constants for these mutants of hGH to hGHbp was detemiined by expressing the free 

20 honnone variants In the non-suppressor £ eoff strain 16C9, purifying the protein, and assaying by competitive 
displacement of labelled vrt-ftGH from hGHbp (see Example VIII). As indfcaled, several mutants bind fighter to 
hGHbp than does wt-hGH. 
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Table VIII. 
Selection f hGH helix 1 mutants 

Variants of hGH (randomly mutated at residues F10, M14, H18. H21) expressed on phagemid 
5 particles were selected by binding to hGI-ibp-beads and eiuting with hGH (0.4 mM) buffer 
followed by glycine (0.2 M, pH 2) buffer (see Example VIII). 
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Table IX 

Consensus sequences torn the selectedheSxl Ubraiy 

5 Obseived frequency is fraction of ail clones sequenced with the incficated amino add. The nominal frequency is 
calculated on the isasis of NNS 32 codon degeneracy. The tnaximai enrichment bctor varie&from 1 1 to 32 
depending upon the nominal frequency value for a given residue. Values of (KdlAIa mut)/Kd{wt hGH)] for single 
alanine mutations were taken from B.C. Cunningham and J. A. Wells, Scfenoe 244 J08t (1989); B.C.Cmnir)gham 
D. J. Henner, J. A. Wells. Scfence 247. 1461 (1990); B. C. Cunningham and J. A. Wells, Proc. Natl. Acad. Sa. USA 
10 88,3407 (1991). 





Wild type 
residue 


K(j(Ala mut) 

I\q\WI nun/ 


residue 


fisguSOCy 
observed nominal 


Enrichment 


15 


F10 


5.9 


u 
n 


0.50 


0.031 


If 








c 
r 


0.14 


0.031 










A 


0.14 


0.062 


2 




M14 


2.2 


u 


0.50 


0.062 


Q 
O 


20 






W 


0.14 


0.031 


5 








N 


0.14 


0.031 


c 
0 








S 


0.14 


0.093 


2 




HIS 


1£ 


N 


0.50 


0.031 


17 


25 






D 


0.14 


0.031 


5 








F 


0.14 


0.031 


5 




H21 


0.33 


N 


0.79 


0.031 


26 








H 


0.07 


0i)31 


2 


30 















wo 92/09690 



PCT/US91/09133 



41 



Table X 

Bindng of purffied DGH heOxl mutants to hGHbp 

5 Competition binding experiments were perfomfied using [^^IjhQH (wild-type), hGHbp (containing the 
extracellular receptor domain, residues 1 -238), and Mab263 [B. C. Cunningham, P. Jhurani, P. Ng, J. A. Wells, 
Sdence 243, 1330 (1989)];. The number P indicates the fractional occurrence of each mutant among all the clones 
sequenced after one or more rounds of selection. 
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EXAMPLE X 

SELECTION OF hGH VARIANTS FROM A HEUX4 RANDOM CASSEHE UBRARY CONTAINING 
PREVIOUSLY FOUND MUTATIONS BY ENRICHMENT OF HORMONE-PH AGE 

30 Design of mutant proteins wHh Improved binding Dropertfes bv Iterative setection using hormonfr^ihape 

Our experience with recniiting non-binding homologs of hGH evolutional variants suggests that many 
individual amino acid substitutions can be comt»ned to yield cumulatively improved mutants of hGH with respect to 
binding a particular receptor [B. 0. Cunningham, D. J. Henner, J. A. Wells, Sdence 247, 1461 (1990); B. C. 
Cunningham and J. A, Wells, Proc. Natl. Acad. Sc/. USA 88, 3407 (1991); H. B. Lowman, B. C. Cunningham, J. A. 

35 Wells. J. BioL Chem. 266, in press (1991)]. 

The helix 4b Ibrary was constructed in an attempt to further improve the helix 4 double mutant 
(E174S/F176Y) selected from the helix 4a library that we found bound lighter to the hGH receptor (see 
Example VIII). With \he E174S/F176Y hGH mutant as the background starting hormone, residues were mutated 
that surrounded positions 174 and 176 on the hydrophilic face of helix 4 {R167, 01 71 , 11 75 and 1179) . 

40 Construction of the helbc 4b libran^ bv cassette mutagenesis 

Cassette mutagenesis was earned out essentially as described [J. A. Wells, M. Vasser, 0. B. Powers, 
Gene 34, 315 (1985)]. The helix 4b library, which mutated residues 167, 171, 175 and 179 within the 
E174S/F176Y background, was constructed using cassette mutagenesis that fully mutated four residues at a 
time (see Example VIII) and which utilized a mutated version of phGHam*g3 into which unique Ssfai and Sg/ll 
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reslrfction sites had been inserted previousiy (Example VIII). into the BstBl-Bgni sites of the vectorwas inserted 
a cassette made from the complemeniary oligonudeolides y-pG HA CTC TAG T6C TTC NNS AAG GAG ATG 
NNS AAG GTC AGC NNS TAG CTG GGC NNS GTG GAG TGG A-3'and 5'-pGA TCT GCA CTG GAG SNN 
GCG GAG GTA SNN QGT GAG CTT SNN CAT GTC CH SNN GAA GCA GTA GA-S*. The Ss/BI site was 
5 enminated in the ligated cassette. From the heOx 4b Bbraiy, 15 unselected clones were sequenced. Of these, none 
lacked a cassette insert, 20% were frame-shifted, and 7% had a non-silent mutation. 
npwiHQnfhBHhpenrfchnent 

Binding enrichments of hGH-phage from the libraries was carried out using hGHbp immobilized on 
oxirane-polyacrytamide beads (Sigma Chemical Co.) as described (Example VIII). After 6 cydesof binding a 
10 reasonaWydearconsensusdevelopedCraUeXI). mteresfngly, all positions tended to contain polar residues, 
notably Ser, Thr and Asn (XII). 

The binding constants for some of these mutants of hGH to hGHbp was detemiined by expressing the 

free hormone variants in the non-suppressor £ co/istrain t6C9, purifying the protein, and assaying by competitive 
1 5 displacemenl of labelled wt-hGH from hGHbp (see Example VIII). As indicated, the binding affinities of several 

helix-4b mutants for hGHbp were tighter than that of wt-hQH Table Xlil). 

Raflpptflr^fecHvHy of HGH variants 

Rnaliy, we have begun to analyze the binding afliniV of several of the tighter hGHbp binding mutants 

for their abiHty to bi.Td to the hPRLbp. The El74SyF176Y mutant binds 200-fbld weaker to the hPRUsp than 
20 hGH. The E174T/F176Y/R178K and R167N/D171S/E174SF176Y/I179T mutants each bind >500-fold weaker 

to the hPRUjp than hGH. Thus, it is possible to use the produce new receptor seledive mutants of hGH by phage 

displaylechnology. 

Hflimone-HhaaemM sete eiton Idenlffies Bw InfhtmalfcvwcontPnt of particular residues 

Of the 12 residues mutated in three hGH-phagemid libraries (Examples Vlll, IX, X), 4 showed a strong, 

25 although not exclusive, consenration of the wild4ype resWues (K172, T175, F176, and R178). Not surprisingly, 
these were residues that when converted to Ala caused the largest disruptions (4- to 60-lbId) in b&iding affinity 
to the hGHbp. There was a class of 4 other resWues (FIG, Mt4, D171. and 1179) where Ala subsfitulions caused 
weaker effects on binding (2- to 7-fbkl) and these positions exhibited little wiW-type consensus. Finally the other 
4 residues (H18, H21, R167, and E174), that promote binding to he hPRLbp but not the hGHbp, did not exhibit 

30 any consensus forthe wikJ-type hGH sequence by selecdon on h6Hbp*eads. hi facttwo resWues {E174and 
H21). where Ala substitufions enhance binding aflinity to the hGHbp by 2- to 4-fold [B. G. Cunningham, P. 
Jhurani, P. Ng, J. A. Wells, Sdenoe 243, 1330 (1989); B. C. Cunningham and J. A. Wells, SCiiBnce 244, 1081 
(1989); B. C. Cunningham, D. J. Henner, J. A. Wells, Soence247, 1461 (1990); B. G. Cunningham and J. A. Wells, 
Pmc. AM Acad Sd. USA 88, 3407 (1991)1. Thus, the alanine-scanning mutagenesis data coirelales reasonably 

35 well vrith the flexibility to substitute each position. In fact , the reduction in landing affinity caused by alanine 
substitutionslB. G. Cunningham, P. Jhurani. P. Ng, J. A. Wells. Sc«nce243, 1330 (1989); B.C. Cunningham and 
J. A. Wens. SaenceTM, 1081 (1989)]. B. C. Cunningham. D. J. Henner. J. A. Wells, Science 247. 1461 (1990); B. 
G. Cunningham and J. A. Wells, ftoc. Waff. Acad. Sd. WSA 88. 3407 (1991)] is a reasonable predictor of the 
percentage that the wild-fype residue is found in the phagemid pool after 3-6 rounds of selectton. The alanine- 
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scanning infomiation is useful for targeting side-chains that modulate l>inding, and the phage selection is 
appropriate for optimizing them and definir^ the flexibility of each site (and/or combinations of sites) for 
substitution. The combination of scanning mutational methods [B. C. Cunningham, P. Jhurani. P. Ng, J. A. Wells. 
Science 243, 1330 (1989); B. C. Cunningham and J. A. Wells, Science 244, 1081 (1989)] and phage display is a 
5 powerful approach to designing receptor*ligand interfaces and studying molecular evolution in vitro, 
VaiiatiQnsQnltmtiveenrichniQntQfhnnTi^^ 

In cases where combined mutations in hGH have additive effects on binding affinity to receptor, 
mutafons learned through hormone-phagemid enrichment to improve binding can be combined by simple cutting 
and ligation of restriction fragments or mutagenesis to yield cumulatively optimized mutants of hGH. 

10 On the other hand, mutations in one region of hGH which optimtze receptor binding may be stnjcturally or 

functiona!ly incompatible with mutations in an overlapping or another region of the molecule, tn these cases, 
hormone phagemid enrichment can be carried out by one of several variations on the iterative enrichment approach : 
(1) random DNA libraries can be generated in each of two (or perhaps more) regions of the molecule by cassette 
or another mutagenesis method. Thereafter, a combined library can be created by Ogation of restriction 

1 5 fragments from the two DNA libraries; (2) an hGH variant, optimized for binding by mutation in one region of the 
molecule, can be randomly mutated in a second region of the molecule as in the heiix-4b library example; (3) two or 
moTB random Gbraries can be partially selected for improved binding by honnone-phagemid enrichment; after this 
'roughing-in' of the optimized binding site, the still-partially^diverse libraries can be recombined by ligation of 
restriction fragments to generate a single library, partially diverse in two or more regions of the molecules, which 

20 in turn can be further selected for optimized binding using hormone-phagemid enrichment. 
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Table XI. 

Mutant ptugemids of hGH seiectedfian heilx4b IDxaiy after 4 and 6 cydes of enrichment 
Selection of hGH helix 4b mutants (randomly mutated at residues 167, 171, 175. 179), each containing the E174S/F176Y 
double mutant, by binding to hGHbp4)eads and eluting with hGH (0.4 mM) buffer followed by glycine (0.2 M, pH 2) buffer. 
5 One mutant (f) contained the spurious mutation R178H. 
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Table XII 

Consereussecyiences from the selectB^ 

Observed frequency is fraction of all clones sequenced with the indicated amino acid. The nominal frequency 
is calculated on the basis of NNS 32 codon degeneracy. The maximal enrichment factor varies from 11 to 1 6 to 32 
5 depending upon the nominal frequency value for a given residue. Values of [K(|(Ala mut)/K(|(wt hGH)] for single 
alanine mutations were taken from refs. below; for position 1 75 we only have a value for the T1 75S mutant (B. C. 
Cunningham. P. Jhurani, P. Ng, J. A. Wells, Science 243, 1330 (1989); B. C. Cunningham and J. A. Wells, Sconce 244, 
1081 (1989); B. C. Cunningham, D. J. Henner, J. A. Wells, Science 247, 1461 (1990); B. C. Cunningham and J. A. Wells, 
Proc. Natl. Acad ScL USAW, 3407 (1991).]. 
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Table XIII 

Binding of purified hGH mutants to hGHbp. 

Competition t)jnding experiments were perfonned using [1^i]hGH (wild-type), hGHbp (containing tlie 
30 extracellular receptor domain, residues 1-238), and Mal)263 (11). The number P indicates the fractional 
occurrence of each mutant among all the clones sequenced after one or more rounds of selection. Note that the 
helix 4b mutations (*) are ii the bacl^ound of hGH(E174S/F176Y). In the list of helix 4b mutants,, the 
E174S/F176Y mutant (*), with wt residues at 167, 171, 175, 179, Is shown in bold. 
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BCAMPLEXI 
Assembly Of F^b Moiectde on the Pfi^^ 

gnrosmrfonofptosmlds 

PlasmidpDH 188 contains the DMA encoding the Fab porfion of a hum^ IgGaniaxxJy. called 4D5. 
5 that recognizes the HER-2 receptor. This plasmid Is contained In £ cof strain SR 101 , and has been deposited 
with the ATCC in Rockville, MD, 

Briefly, the plasmid was prepared as follows: the starting plasmid was pS0132, containing the alkaline 
phosphatase promoter as described above. The DMA encoding human growth hormone was exdsed and, after a 
series of manipalafions to make the ends of the plasmid compatible for ligatwn. the DNA encoding 4D5 was 

1 0 inserted. The 4D5 DNA contains two genes. The first gene encodes the variable and constant regtons of the light 
chain, and contains atits 5' end the DNA encoding the St II signd The second gene contains four 

portions: first, at its 5' end is the DNA encoding the si II signal sequence. This is followed by the DNA encoding 
the variabte domain of the heavy chain, whk*i is foltowed by the DNA encoding the first domain of the heavy chain 
constantregton.whichlntumisfbIk>wedbytheONAencodingtheMiagene III. The salient features of this 

15 constnjct are shown in Figure 10. The sequence of the DNA encoding 4D5 is shown in Fgure 11. 
& cflT/transfannatkOT and ohaoe producHon. 

Both polyethylene glycol (PEG) and electroporation were used to transfonn plasmids into SRIOi cells. 
(PEG competent cells were prepared and Iransfonned according to fte method of Chung and Miller {Nucleic 
Adds f?es. 163580 [1988]). Cells that were competent for electroporalton were prepared, and subsequently 

20 transfonned via eJectroporation according to the method of Zabarovsky and Winberg (Nutieic Adds Res, 18591 2 
[1990]). After placing the cells in 1 ml of the SOC media (described in Sambrook etaL, supra), they were grown 
for 1 hour at 37°C with shaking. At this time, the concenfration of the cells vras detennined uang fight scattering 
at ODsoo- A titered K07 phage stock was added to achieve an multiplicity of infecBon (MOI) of 100. and the 
phage were albwed to adhere to the cells for 20 minutes at room temperature. This mixture was then diluted into 

25 25 mis of 2YT broth (described in Sambrook ef at, supra) and incubated with shaking at 37**C overnight. The 
next day, cells were pelleted by cenfrifugation at 5000 x g for 10 minutes, the supernatant was collected, and the 
phage parfides were precipitated with 0.5 M NaCI and 4% PEG (final concentration) at room temperature for 10 
minutes. Phage parfides were pelleted by centrifugatton at 10.000 x g for 10 minutes, resuspended in 1 ml of TEN 
(10 mM Tris, pH 7.6, 1 mM EDTA, and 150 mM NaCI), and stored at 4*»C. 

30 PmductkMi of antigen coated Dfates. 

Alkiuots of 05 ml from a solutton of 0.1 mg/ml of the extra-cellular domain of the HER-2 antigen (ECD) 
or a solution of 0.5 mg/ml of BSA (control antigen) in 0.1 M sodium bfcariMnate, pH 8.5 were used to coat one well 
of a Falcon 12 well tissue culture plate. Once the solution was applied to the wells, the plates were incubated at 
A^C on a rocking pfalfonn overnight The plates were then btocked by removing the initial solufion, appl^ng 0.5 ml 

35 of blocking buffer (30 mg/ml BSA in 0.1 M sodium bicarbonate), and incubating at room temperature for one hour. 
Rnally, the btocking buffer was removed, 1 ml of buffer A (PBS, 0.5% BSA, and 0.05% Tween-20) was added, 
and the plates were stored up to 10 days at 4**C before being used for phage selectton. 
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PhaoeaetecBonprncess. 

Approximately 10^ phage particles were mixed with a 100-fold excess of K07 helper phage and 1 ml of 
buffer A . This mixture was divided into two 05 ml aliquots; one of which was applied to ECD coated wells, and 
the other was applied to BSA coated wells. The plates were incubated at room temperature while shaking for one 
5 to three hours, and were then washed three times over a period of 30 minutes with 1 ml aliquots of buffer A. 
Elution of the phage from the plates was done at room temperature by one of two methods: 1) an Initial overnight 
incubation of 0.025 mg/ml purified Mu4D5 antibody (murine) followed by a 30 minute incubation with 0.4 ml of 
the add elution buffer (0.2 M glycine, pH 2.1 , 0.5% BSA. and 0.05% Tween-20), or 2) an incubation with the acid 
elution buffer alone. Eluates were then neutralized with 1 M Tris base, and a 05 ml aliquot of TEN was added. 
1 0 These samples were then propagated, titered, and stored at 4"^. 

Phage propaqaBon 

Aliquots of eluted phage were added to 0.4 ml of 2YT broth and mixed with approximately 10^ mid-log 
phase male £ co// strain SR101 . Phage were allowed to adhere to the cells for 20 minutes at room temperature 
and then added to 5 ml of 2YT broth that contained 50 (ig/ml of carbenicillin and 5 Mg/ml of tetracycline. These 
1 5 cells were grown at S/'^C for 4 to 8 hours until they reached mid-log phase. The ODeoo was determined, and the 
cells were superinfected with K07 helper phage for phage production. Once phage particles were obtained, they 
were titered in order to detennine the number of colony forming units (cfu). This was done by taking alk]uots of 
serial dilutions of a given phage stock, allowing them to infect mid-log phase SR101 , and plating on LB plates 
containing 50 vQlm\ carbenicillin. 

20 RIA affinity determlnatlQn, 

The affinity of h4D5 Fab fragments and Fab P^age for the ECO antigen was determined using a 
compeb'live receptor binding RIA (Burt, D. R.. Receptor Binding In Dmg ResearO). O'Brien. KA. (Ed.), pp. 3- 
29, Dekker, New Yoric [1986]). The ECO antigen was labeled with ^ ^^-todim using the sequential chk>ramine-T 
method (De l^co, J. L etal., J. Cell, PhysioL 109:143-152 (1981]) which produced a radioactive tracer with a 

25 specific activity of 14^Ci/(ig and incorporation of 0.47 moles of Iodine per mole of receptor. A series of 0.2 ml 
solutions containing 0.5 ng (by ELISA) of Fab or Fab Phage, 50 nCi of ^25| eco tracer, and a range of unlabeled 
ECD amounts (6.4 ng to 3277ng) were prepared and incubated at room temperature overnight The labeled 
ECD-Fab or ECD-Fab phage complex was separated from tte unbound labeled antigen by fonning an aggregate 
complex induced by the addition of an anti-human IgG (Fitzgerald 40-GH23) and 6% PEG 8000. The complex was 

3 0 pelleted by centrifugation (1 5,000 x g for 20 minutes) and the amount of labeled ECD (in cpm) was detennined 
by a gamma counter. The dissociation constant (Kd) was cateulated by emptoying a modified version of the 
program LIGAND (Munson, P. and Rothbard, D., Anal, Biodttem, 107220-239 [1980]) which ufilizes Scatchard 
analysis (Scatchard, G.,Ann. W.y. Acad. Sd, 51 «60^72 [1 949]). The Kd values are shown In Rgure 13. 

Cffltipffiitivf? cfill Wnflng mm 

35 Murine 405 antibody was labeled with 125-1 to a specific activity of 40-50 ^Ci/pg u»ng the lodogen 

procedure. Solutions containing a constant amount of labeled antibody and increasing amounts of unlabeled variant 
Fab were prepared and added to near confluent cultures of SK-BR-3 cells grown oi 96-well microtiter dishes 
(final concentration of labeled antibody was 0.1 nM). After an overnight incubation at 4''C, the supernatant was 
removed, the cells were washed and the cell associated radbacfivity was determined in a gamma counter. K(j 
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values were deteimined by analyzirg the data using a modfied version of the program LIGAND (Munson, P. and 
Rothtaid, D., supra) 

This deposit of plasmid pDH188 ATCC no. 68663 was made under the provisions of the Budapest 
Treaty on the International Recognition of the Deposit of Microorganisms for the Purpose of Patent Procedure 
5 and the Regulations thereunder (Budapest Treaty). This assures maintenance of a viable culture for 30 years 
from the date of deposit The organisms wfll be made available by ATCC under the terms of the Budapest 
Treaty, and subject to an agreement betweeaGenentech, Inc. and ATCC, which assures pennanent and 
unrestricted availability of the progeny of the cultures to the pubfic upon issuance of the perfnent U.S. patent or 
upon laying open to the pubfic of any U. S. or foreign patent application, vrtiichever comes first, and assures 
10 availability of the progeny ID one determined by the U.S. Commissioner of Patents and Trademarks to be 

thereto according to 35 USC §122 and the Commissioner^ njles pursuant thereto (including 37 CFR §t.14 with 

particular reference to 886 OG 638). 

The assignee of the present application has agreed that if the cultures on deposit shoiAJ die or be lost 
ordestroyedwhen cultivated under suitable conditions, they will be promptly replaced on notification with a viable 
1 5 specimen of the same culture. Availabflityof ttie deposited cultures is not to be construed as a license to practice 
the invention in contravention of the rights granted under the auttwrity of any government in accordance with its 
patent laws. 

The foregoing written spedfcation is considered to be sufficient to enable one skilled in the art to 
practice the invention. The present invention is not to be fimited in scope by the cultures deposited, since the 

20 deposited embodiments are intended as separate illustrations of certain aspects of the invention and any cultures 
that are fuhcttonaDy equivalent are vwtiiin the scope of this invention. The deposit of materia! herein does not 
constitute an admissfen ttiat the written description herein contained 'e inadequate to enable ttie prarfce of any 
aspect of the invenlfen, including ttie best mode thereof, nor is it to be construed as limiting the scope of the 
claims to the spedfic iOustrations ttiat it represents. Indeed, various modifications of the invention in acklition to 

25 those shown and described hereinwIB become apparent to those skilled in the art from the foregoing description 
and fan within the scope of the appended daims. 

VWiilelhe invention has necessarily^been descrflied in conjunction witti preferred embodiments, one of 
ordinary skill, ^er reading the foregoing spedficafion, virill be able to effect various changes, substitutions of 
equivalents, and alterations to fte subject matter set forth herein, without departing from the spirit and scope 

3 0 thereof. Hence, ttie invention can be practfced in ways other ttan those spedfically described hereia It is 

therefore intended that the protection granted by Lettera Patent hereon be Bmiled only by the appended daims 
and equivalents ttiereof. 
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EXAMPLE XII 

SELECTION OF hGH VARIANTS FROM COMBINATIONS OF HEUX-1 AND HEUX4 HORMONE*PHAGE 

VARIANTS 

5 Consmictfon off additive variants of hGH 

According to additivit/ principles [J. A. Wells, Biochemistry 29, 8509 (1990)], mutations in different 
parts of a protein, if they are not mutually interacting, are expected to comtxne to produce additive changes in the 
free energy of binding to another molecule (changes are additive in terms of AAGbinding* or multiplicative in 
terms of Kcj » exp[-AG/RT] ). Thus a mutation produdng a 2-fold Increase in binding affinity, when combined 

1 0 with a second mutation causing a 3-fold inaease, would be predicted to yield a double mutant with a 6-fold 
increased affinity over the starting variant. 

To test whether multiple mutations obtained from hGH-phage selections would produce cumulatively 
favorable effects on hGHbp (hGH-binding protein; the extracellular domain of the hGH receptor) binding, we 
combined mutations found in the three tightest-binding variants of hGH from the helix-1 library (Example IX: 

1 5 F10A/M14W/H18D/H21N. F10H/M14G/H18N/H21N. and F10F/M14S/H18F/H21L) with those found In the 
three tightest binding variants found in the helix-4b library (Example X; R167N/D171SyT175/l179T, 
R167E/D171Sm75/l179. and R167N/D171N/ri75/l179T). 

hGH-phagemId double-stranded DNA (dsDNA) from each of the one-helix variants was isolated and 
digested with the restriction enzymes EcoK and BsfXI. TT)e large fragment from each helix4b variant was then 

2 0 isolated and ligated with the smaD fragment from each helix-l variant to yield the new two-helix variants shown in 
Table XIII. All of these variants also contained the mutations E174S/F1 76Y obtained in eariier hGH-phage binding 
selections (see Example X for details). 
ftrctrugtfPn ^ SgiecPvg wrn^rwtgrtgl llfrrpriK Pf 

Although additivity principles appear to hold for a number of combinations of mutations, some 

25 combinations (e.g. E174S with F176Y) are deariy non-additive (see examples VIII and X). In order to identify 

with certainty the tightest binding variant with, for example. 4 mutations In helix-1 aod 4 mutations in helix-4. one 
would ideally mutate all 8 residues at once and then sort the pool for the globally tightest tending variant. 
However, such a pool would consist of 1.1 x 10^^ DNA sequences (utilizing NNS codon degeneracy) encoding 2.6 x 
10^0 different polypeptides. Obtaining a random phagemid library large enough to assure representation of all 

30 variants (pertiaps 10^^ transfomiants) is not practical using current transfonnation technology. 

We have addressed this difficulty first by utilizing successive rounds of mutagenesis, taking the 
tightest binding variant from one library, then mutating other residues to further improve binding (Example X). 
In a second method, we have utilized the principle of additivity to combine the best mutations from two 
independently sorted libraries to create multiple mutants with improved binding (desaibed above). Here, we 

35 further searched through the possible combinations of mutations at positions 10, 14, 18, 21, 167, 171, 175, and 
179 in hGH. by creating combinatorial libraries of random or partially-random mutants. We constnjcted three 
different combinatorial libraries of hGH-phagemids, using the pooled phagemids from the helix 1 library 
(independently sorted for 0, 2, or 4 cycles; Example IX) and the pool from the helix-4b library (independently 
sorted for 0, 2, or 4 cycles; Example X) and sorted the combined variant pool for hGHbp binding. Since some 

40 amount of sequence diversity exists in each of these pools, the resulting combinatorial library can explore more 
sequence combinations than what we might constnict manually (e.g. Table XIII). 
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hGH-phagemid douUe-slranded DNA (dsDNA) from each of thfr one-helix library pools (selected for 0, 
2, or4 rounds) was Isolated and digested with the restriction enzymes AaA and BsOa. The large fragment fram 
each helix-1 variant pool was then isolated and Ogated with the small fragment from each helix-4b variant pool to 
yield the three combinatorial ybrarfes pH0707A (unseleded helix 1 and helix4b pools, as described In examples IX 
5 and X), pH0707B {twice-selected helix-1 pool with twice-selected helix-4b pool)* and pH0707C (4-tmes 
selected helix-1 pool with 4-times selected heTix-to pool). Duplicate ligations were also set up with less DNA and 
designated as pH0707D, pH0707E. and pH0707F. corresponding to the 0-.2-. and 4-tound starting libraries 
respectivBly. All of these variant pools also contained the mutations E174Srt^1 76Y obtained in earlier hGH-phage 
binding selections (see Example X for details). 

10 Rflfling cnmbln; tforiaT IBirartes ptht^H-phflfle vartanis 

The ligalon products pH0707A-F were processed and electro-transfomied into XLI-Blue cells as 
described (Example Vlli). Based on colony-fomiing units (CFU), the number of transfonnants obtained fifom each 
pool was as follows: 2.4x106 from pH0707A, 1.8x11)6 from pH0707B. 1.6x106 from pH0707C, 8x105 from 
pH0707D. 3x105 from pH0707E. and 4x105 from pH0707F. hGH-phagemid partides were prepared and 

1 5 selecaed for hGHbp4jinding over 2 to 7 cycles as described in Example VIII. 
RapMsflrtlngothfiH^emMHbraries 

In addition to sorting phagemid libraries for tight-Wnding protein variants, as measured by equilibrium 
binding affinity, it is of interest to sort for variants which are altered in either the on-rate (kon) or of(-nSB 
(koff) of binding tc a receptor or other molecule. From thermodynamics, these rates are related to the 

20 equilibrium dissociation constant, Kd = (koff/kon)- Weenvisionthatcertain variants of a particular protein have 
similar Kd-S for binding while having very different Ron's and koff's. Conversely, changes in Kd firom one variant to 
another may be due to effects on kon, effects on koff, or both. The phannacological properties of a protein may 
be dependent on binding affinity or on kon or koff, dependng on the detailed mechanism of action. Here, vxe sought 
to klenlify hGH variants wth higher on-rates to invesfigate the effects of changes in kqn- We envision that the 

25 selectton coM altematively be vreighled toward koff by kicreasing fte bWing time and increasing the wash time 
and/or concentrafibn with cognate ligand (hGH). 

From f me-course analysis of wikJ-type hGH-phagemkl binding to immobilized hGHbp, it appears that, 
of the total hGH-phagemid partfcles that can be eluted fti the final pH 2 wash (see Example VIII for the complete 
bind ffig and elution protocol), less than 10% are bound after 1 rninute of incubatkm. whBe greater than 90% are 

30 bound after 15 mbiutes of incubatton. 

For "rapid-binding selecfion," phagemid particles from the pH0707B pool (twice-selected for helices 1 
and4independenliy)vrerBincubatedwiihimmoMizedhGHbpforonIy1 minute, then washed six times 1 mLof 
binding buffen the hGH-wash step was omitted; and the remaining hGH-phagemid particles were eluted with a 
pH2 (0.2M glydne in binding buffer) wash. Enrichment of hGH-phagemid particles over no^displaying particles 

35 indicated that even with a short binding period and no cognate-ligand (hGH) challenge, hGH-phagemid binding 
selection sorts fight-binding variants out of a randomized pool. 
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Assay Of hGH mu!!?"^ 

The binding constants for some of these mutants of hGH to hGHbp was detemiined by expressing the 
free honnone variants m the non-suppressor £ coli strain 16C9 or 34B8, purifying the protein, and assaying by 
competitive displacement of labelled wt-hGH from hGHbp (see Example VIII) in a radio-immunoprecipitation assay. 
5 In Table XIII -A below, all the variants have glutamatei 74 replaced by serinei 74 and phenylalaninei76 replaced by 
tyrosinei76 (E174S and F1 1 76Y) plus the additional substitutions as indicated at hGH amino acid positions 10, 
14. 18. 21. 167, 171. 175 and 179. 



10 Table XIII-A 

hGH variants from addition of helbc-1 and hellx^b mutations 









Helix 1 








Helix* 








vrild-type residue: 


m 


MU 


H18 


H21 




D171 


T175 


1179 




Variant 


















15 


H0650AD 


H 


G 


N 


N 


N 


S 


T 


T 




H0650AE 


H 


G 


N 


N 


E 


S 


T 


1 




H0650AF 


H 


6 


N 


N 


N 


N 


T 


T 




H0650BD 


A 


W 


D 


N 


N 


S 


T 


T 




H0650BE 


A 


W 


D 


N 


E 


S 


T 


1 


20 


H0650BF 


A 


W 


D 


N 


N 


N 


T 


T 




H0650CO 


F 


S 


F 


L 


N 


S 


T 


T 




H0650CD 


F 


S 


F 


L 


E 


S 


T 


1 




H0650CD 


F 


S 


F 


L 


N 


N 


T 


T 



25 In Table XIV below. hGH variants were selected from combinatorial libraries by the phagemid binding 

selection process. All hGH variants In Table XIV contain two background mutations (E174S/F176Y). hGH- 
phagemid pools from the libraries pH0707A (Part A), pH0707B and pH0707E (Part B), or pH0707C (Part C) 
were sorted for 2 to 7 cycles for binding to hGHbp. The number £ indicates the fractional occurrence of each 
variant type among the set of clones sequenced from each pool 
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30 



35 



40 
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Table XIV 

hGHvalanislitmlionnoneiihagenMblndn^ 



seiecSonofcoinblnatatlalfibraries. 



wild-<^ residue: 

Variant 

Part A : 4 cycles: 

0.60 H0714A.t 



0.40 
PaitB: 

0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 

0.17 
0.17 
0.17 
0.17 
0.17 
0.17 

0.57 
0.14 
0.14 
0.14 
0.50 
Parte: 

0.67 



H0714A.4 

2 cycles: 

H0712B.1 

H0712B.2 

H0712B.4 

H0712B.5 

H0712B.6 

H0712B.7 

H0712B.8 

H0712E1 

H071^2 

H0712E3 

H0712E.4 

H0712E.5 

H0712E.6 

H0712E7 

H0712E.8 

4 cycles: 

H0714B.1 

H0714B.2 

H0714B.3 

H0714B.4 

H0714B.5 

H0714B.6 

7 cycles: 

H0717B.1 

H07t7B.2 

H0717B.6 

H0717B.7 

H0717E1 

4 cyties: 
H0714C.2 





HeTKl 








jjSSL^ 






m 


M14 


HIS 


H21 


R167 


J21Z1 


IIZ£ 




H 


G 


N 


N 


N 


o 


T 
1 




A 


N 


rs 
U 


A 


ri 


IN 


T 

1 


N 


F 


s 


c 
r 


u 


U 
n 


C 
O 


T 


J 


H 


Q 


T 


e 
o 


A 

A 


n 


IX 


c 

w 


H 


G 


N 


N 


N 


A 

A 


T 

1 


T 


F 


S 


F 


i 

L 


o 
o 


n 
U 


T 

1 


T 
1 


A 


S 


T 


N 


o 
n 


u 


T 

1 


1 
1 


Q 


Y 


N 


H 


H 


c 
o 


T 
1 


T 
1 


W 


G 


S 


s 


R 


D 


T 
1 


1 
1 


F 


L 


s 


s 


K 


N 


T 


V 


W 


N 


N 


s 


H 


S 


T 


T 


A 


N 


A 


s 


N 


c 
o 


T 
1 


T 


P 


S 


D 


N 


R 


D 


T 
1 


1 
1 


H 


G 


N 


N 


at 

N 


N 


1 


e 
o 


F 


S 


T 


G 


R 


D 


T 
1 


1 
1 


M 


T 


S 


N 


Q 


S 


T 


T 
1 


F 


s 


F 


L 


T 


s 


T 


S 


A 


W 


D 


N 


R 


D 


T 


1 
1 

KI 


A 


w 


D 


N 


H 


S 


I 


M 


Q 


M 


N 


N 


s 


T 


X 

I 


H 


Y 


D 


H 


R 


D 


T 


T 


L 


N 


S 


H 


R 


D 


T 


I 


L 


N 


S 


H 


T 


c 
o 


T 

1 


T 
1 


A 


W 


n 
u 


Kf 

ri 


hi 


A 


T 


T 


F 


S 


T 


6 


R 


D 


T 


1 


A 


W 


D 


N 


R 


D 


T 


1 


1 


Q 


E 


H 


N 


S 


T 


T 


F 


S 


L 


A 


N 


S 


T 


V 


F 


S 


F 


L 


K 


D 


T 


T 



45 * = also contained the mutatfens L15R. K168R. 



In Table XV below, hGH variants were selected from comMnatorial libraries by the phagemid binding 
selection process. All hGH variants In TaWe XV contain two background mutatons (E174S/F176Y). The number 
50 £ is the fractional occunence of a given variant among ail dones sequenced after 4 cycles of rapid-binding 
selection. 
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Table XV 

hGH vaiiantsfton RAPD hG»bp binding selectian of an 



5 Helix 1 m± 



wild-type 
± 


residue: 
Variant 


m 


M14 


H18 


H21 


R167 


D171 


T17S 


m 


0.14 


H07BF4.2 


w 


G 


S 


S 


R 


D 


T 


1 


0.57 


H07BF4.3 


M 


A 


D 


N 


N 


S 


T 


T 


0.14 


H07BF4.6 


A 


W 


D 


N 


S 


S 


V 


Tt 


0.14 


H07BF4.7 


H 


Q 


T 


S 


R 


D 


T 


1 



t « also contained the mutation Y176F (wild-type hGH also contains F176). 



In table XVI below, binding constants were measured by competitive displacement of ^ ^^l-iabelled 
honnone H0650BD or labelled hGH i^lng hGHbp (1-238) and either Mab5 or Mab263. The variant H0650BD 
appears bind more than 30-fold tighter than wild-type hGH. 
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20 



iiGH 
Variant 



Table XVI 

B]idDbrium bMIng consianis d selected hGH vailai^ 



Kd(H0650BD) 



KiUxaiiaiia 
Kd(hGH) 



EXAMPLE XIII 



Kd(pM) 





hGH 


32 


-1- 


340 ± 50 


10 


H0650BD 


-1- 


0.031 


10±3 




H0650BF 


15 


0.045 


15±5 




H0714B.6 


3-4 


0.099 


34± 19 


15 


H0712B.7 


7.4 


0.22 


74 ± 30 




H0712E5 


16 


0.48 


60 ±70 



Seleciiveenrtchmentof hGJHJhage containing a protease substtate sequence versus nwvsubstraie phage 

25 As describedin Example I. the plasmid pSOl^ contains the gene for hGH fused to the residue ProlSS of the gene 
III protein with the insertion of an extra glycine residue. This plasmid may be used to produce hGH-phage particles 
inwhich the hGH-gene III fusion productis displayed monovalenHy onthe phage siiface (Example IV). The fusion 
protein comprises the entire hGH protein fused to the carboxy tenninal domain of gene III via a flexible Onker 
sequence. 

30 To investigate the feasibility of using phage dsplay technology to select favourable subsl^^^^ 

sequences for a given pwleolyfic enzyme, a genetically engineered variant of sublilisin BPN' was used. (Carter. P. 
et al.. Proteins: Stnjcture. function and genetics 6:240-248 (1989)). This variant (hereafter referred to as 
A64SAL subtflisin) contains the foltowing mutations: Ser24Cys, His64Ala, 6lu156Ser. Gly169Ala and 
Tyr217Leu. Since thfe enzyme lacks the essential catalytic residue His64. its substrate specificity is greatly 

35 restricted so that certain histidine-containing substrates are preferentially hyrdrolysed (Carter et al.. Science 
237:394-399 (1987)). 
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ConstmcHon of a hGH-suhstrate-phage vector 

The sequence of the linker region in pS0132 was mutated to create a substrate sequence for A64SAL 
subtilisin, using the oligonucleotide 5'-TTC-GGG-CCC-TTC-GCT-GCT-CAC-TAT-ACG-CGT-CAG-TCG- 
ACT-GAC-CTG-CCT-3*. This resulted in the introduction of the protein sequence Phe-Gly-Pro-Phe-AIa-Ala- 
5 His-Tyr-Thr-Arg-Gln-Ser-Thr>Asp in the linker region between hGH and the carboxy terminal domain of gene 111, 
where the first Phe residue in the above sequence is Phe191 of hGH. The sequence Ala-Ala-His-Tyr-Thr-Agr-GIn 
is known to be a good substrate for A64SAL subtilisin (Carter et al (1989), supra). The resulting plasmid was 
designated pS0640. 

10 SelegtiYe OTlchment of hGH-substrafrphaqe 

Phagemid particles derived from pS0l32 and pS0640 were constructed as described 
in Exannpie I. In initial experiments, a 10^1 aHquot of each phage pool was separately mixed with 
30^1 of oxirane beads (prepared as described in Example II) In 100)iJ of buffer comprising 
20mM Tris-HCI pH 8.6 and 2.5M NaCI. The Unding and washing steps were performed as 

1 5 described in example VII. The beads were then resuspended in 400^ of the same k)uffer, with 
or without 50nM of A64SAL subtilisin. Following Incubation for 10 minutes, the supematants 
were collected and the phage titres (cfu) measured. Table XVIi shows that approximately 10 
times nDore substrate-containing phagemid particles (pS0640) were eluted in the presence of 
enzyme than in the absence of enzyme, or than in the case of the non-substrate phagemids 

20 (pS0132) in the presence or absence of enzyme. Increasing the enzyme, phagemid or bead 
concentrations did not improve this ratio. 

improvement of the selective enrichment procedure 

in an attempt to decrease the non-specific elution of immobilised phagemids, a tight- 

25 binding variant of hGH was introduced in place of the wild-type hGH gene in pSOl 32 and 

pS0640. The hGH variant used was as described in example XI (pH0650bd) and contains the 
mutations PhelOAIa, MetUTrp, HislSAsp, His21Asn, Arg167Asn, Asp171Ser, Glu174Ser, 
Phe176Tyr and lle179Thr. This resulted In the constmction of two new phagemids: pOM0390 
(containing tight-binding hGH and no substrate sequence) and pDM041 1 (containing tight- 

30 binding hGH and the substrate sequence Ala-Ala-His-Tyr-Thr-Agr-GIn). The binding washing 
and elution protocol was also changed as follows: 

(i) Binding: COSTAR 1 2-well tissue culture plates were coated for 1 6 hours with 
0.5ml/well 2ug/ml hGHbp in sodium cart)onate buffer pH 10*0. The plates were then incutDated 
with 1 ml/well of blocking buffer (phosphate buffered saline (PBS) containing 0.1%w/v bovine 

35 serum albumen) for 2 hours and washed in an assay buffer containing 1 QmhA Tris-HCI pH 7.5. 
1mM EDTA and lOOmM NaCI. Phagemids were again prepared as descrit)ed in Example I: the 
phage pool was diluted 1 :4 in the above assay buffer and 0.5ml of phage incubated per well for 
2 hours. 
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(H) Washing: The plates were washed thoroughly with PBS + 0.05% Tween 20 
and inculMted for 30 minuted writh 1 ml of this wash buffer. This washing step was repeated 
three times. 

(ii) Euti n: The plates were incubated for 1 0 minutes in an elution buffer 
5 consisting of 20mM Tris-HCI pH 8.6 + 1 0OmM NaCI, then the phage were eiuted with 0.5ml of 
the above buffer with or without SOOnM of A64SAL subtilisin. 

Table XVII shows that there was a dramatic increase in the ratio of specifically eiuted 
substrate-phagemid particles compared to the method previously described for pS0640 and 
pS01 32. It is likely that this is due to the fact that the tight-binding hGH mutant has a 
1 0 significantly slower off-rate for binding to hGH binding protein compared to wild-type hGH. 

Table XVIi 

Specific elution of substrate-phagemlds by A64SAL subtilisin 

^ ^ Colony fonning units (cfu) were estimated by plating out 1 pjU of 1 0-fold dilutions of phage on 
lOtil spots of XL-t blue cells, on IB agar plates containing SOjig/mi carfaenidllinl 

® Wild-type hGH gene: binding to hGHbp-oxirane beads 

phagemid 4- SOnM A64SAL HQ enZVme 

PS0640 (substrate) 9x106cfu/10nl LSxIO^cfu/IOjil 

pS0132 (non-substrate) 6x105cfu/10nl 3xlo5cfu/10nl 

(ii) pH0650bd mutant hGH gene: binding to hGHbp-coated plates 

phagemid * Afi4SAL HP en Z YHfie 

PDM0411 (substrate) l.7xl05cfu/10nl 2x103cfu/10jU 

PDM0390 (non-substrate) 2x103cfu/10jil 1x103cfu/10jil 

35 Example XIV 

Identification of preferred substrates for A64SAL subtilisin using selective 
enrichment of a library of substrate sequences. 

40 We sought to employ the selective enrichment procedure described in Example XIII to 

identify good substrate sequences from a library of random substrate sequences. 



20 



25 



30 



r^nngfnirfinn nf a vp rtnrfnr insfirtinn of randomised substrate caSSetteS 

We designed a vector suitable for introduction of randomised substrate cassettes, and 

45 subsequent expression of a library of substrate sequences. The starting point was the vector 
pS0643. described in Example Vlll. Site-directed mutagenesis was earned out using the 
oligonucleotide 5'-^AGC-TGT-GGC-TrC:SSiJ3:J22C^CC>GC(>GCi^^ 
TCT-3'. which introduces Acal (GGGCCC) and Sail (GTGGAC) restriction sites between hGH 
and Gene III. This newconstmct was designated pDM0253 (The actual sequence of pDM0253 

50 is 5VAGC-TGT-GGC-TTC-GGG-CCC>GCC-jSCC-GCG-TCG-ACT-GGC-GGT-GGC-TCT-3". where 
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the underlined base substitution is due to a spurious error in the mutagenic oligonucleotide). 
In addition, the tight-binding hGH variant described in example was Introduced by exchanging 
a fragment from pDM041 1 (example XIII) The resulting library vector was designated 
PDM0454. 

5 

Preparation of the library cassette vector and insertion of the mutagenic 
cassette 

To introduce a library cassette, pDM0454 was digested with Apal followed by Sail, then 
precipitated with 13% PEG 8000+ 10mM MgCl2> washed twice In 70% ethanol and 

1 0 resuspended This efficiently precipitates the vector but leaves the small Apa-Sal fragment in 
solution (Paithankar, K. R. and Prasad. K. S. N.. Nucleic Acids Research 19:1346). The 
product was mn on a 1% agarose gel and the Apal-Sall digested vector excised, purified using 
a Bandprep kit (Pharmacia) and resuspended for ligation with the mutagenic cassette. 

The cassette to be inserted contained a ONA sequence similar to that in the linker 

1 5 region of pS0640 and pDM041 1 , but with the codons for the histidine and tyrosine residues in 
the substrate sequence replaced by randomised codons. We chose to substitute NNS 
{fi^GJfi/T/C; S=G/C) at each of the randomised positions as described in example VIII. The 
oligonucleotides used in the mutagenic cassettes were: 5'-C-TTC-GCT-GCT-NNS-NNS-ACO 
CGG-CAA-S" (coding strand) and 5'-T-CGA-TTG<JCG-GGT-SNN-SNN-AGC-AGC-GAA-GGG- 

20 CC-3' (non-coding strand). This cassette also destroys the Sail site, so that digestion vw'th Sail 
may be used to reduce the vector background. The oligonucleotides were not 
phosphorylated before insertion into the Apa-Sal cassette site, as it was feared that 
subsequent oligomerisation of a small population of the cassettes may lead to spurious results 
with multiple cassette inserts. Foltowing anneaGng and ligation, the reaction products were 

25 phenokchlorofomn extracted, ethanol predpitated and resuspended in water. Initially, no 

digestion with Sail to reduce the background vector was performed. Approximately 200ng was 
electroporated Into XL-1 blue cells and a phagemid library was prepared as described in 
example VIII. 

30 Selection of highly cleavable substrates from the substrate library 

The selection procedure used was identical to that described for pDM041 1 and 
pDM0390 in example XIII. After each round of selection, the eluted phage were propagated by 
transducing a fresh culture of XL-1 blue cells and propagating a new phagemid library as 
described for hGH-phage in exanrple VIII. The progress of the selection procedure was 
35 monitored by measuring eluted phage titres and by sequencing individual clones after each 
round of selection. 

Table A shows the successive phage titres for elution in the presence and absence of 
enzyme after 1 , 2 and 3 rounds of selection. 
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Clearly, the ratio of specifically luted phage: non-specifically luted phage (ie phage eluted 
with enzymephage eluted without enzyme) Increases dramatically from round 1 to round 3, 
suggesting that the population of good substrates is inweasing with each round of selection. 
Sequencing of 10 isolates from the starting Kbrary showed them all to conast of the 
5 wild-type pDM0464 sequence. This is attributed to the fact that after digestion with Apal , the 
Sail site is very close to the end of the DNA fragment, thus leading to low effidency of 
digestion. Nevertheless, there are only 400 posstole sequences In the library, so this 
population should still be well represented. 

Tables B1 and B2 shows the sequences of isolates obtained after round 2 and round 

10 3 of selection. After 2 rounds of selection, there is clearly a high Incidence of histidine 
residues. This is exacts what is expected: as described in example XIII, A64SAL subtiOsin 
requires a histidine residue in the substrate as it employs a substrate-assisted catalytic 
mechanism. After 3 rounds of selection, each of the 10 clones sequenced has a histidine in 
the randon»sed cassette. Note, however, that 2 of the sequences are of pDM041 1 , which was 

15 not present in the starting library and Is therefore a contantinant. 
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Table A 

Titrati n f Initial phage po Is and eluted phag fr m 3 rounds of selective 

nrlchment 



10 



15 



20 



25 



30 



35 



Colony forming units (cfu) were estimated by plating out lOpl of lO-foM dihitions of phage on 
10^1 spots of XL-1 blue cells, on LB agar plates containing 50(ig/ml carbenicillin 

ROUND 1 



Starting library: 

LIBRARY: 

PDM0411: 
(control) 

ROUND 2 

Round 1 library: 

LIBRARY: 

PDM0411: 
(control) 

BSMm. 

Round 2 Gbrary: 

LIBRARY: 



pDM0411: 
(control) 



3x1 Ol 2 cfu/ml 

+500nM A64SAL 
no enzyme 

+500nM A64SAL 
no enzyme 



7x1 0"" 2 cfu/ml 

+500nM A64SAL 
no enzyme 

■i-SOOnM A64SAL 
no enzyme 



7x101 1 cfu/ml 

+500nM A64SAL 
no enzyme 

+500nM A64SAL 
no enzyme 



4x1 03 cfu/IOjil 
3x1 03 cfu/IO^I 

2x1 06 cfu/10»il 
8x1 03 cfu/10jil 



3x1 0"* cfu/10nl 
6x1 03 cfu/IOnl 

3x1 0^ Cfu/10)il 
1.6x104 cfu/IOjil 



1x1 05 cfu/10Hl 
<103 cfu/10(il 

5x1 06 cfu/IOjil 
3x104cfu/10jil 
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Table Bl 

Sequence f lut d phage after 2 r unds f selectiv enrichment. 

5 All protein sequences should be of the form AA**TRQ, where * represents a 

randonised codon. In the table below, the randomised codons and amino adds are underlined 
and in bold. 



10 



After round 2: 



Sequence 



No. of 

occun-ences 



15 



20 



25 



30 



35 



A A a X T R Q . 
GCT GCT rar taC ACC CGG CAA 

A A fl H T R Q 

GCT GCT rAC ATG ACC CGG CAA 

A A It a T R Q 

GCT GCT CTC CAC ACC CGG CAA 

A A i a T R Q 
GCT GCT CTG CAC ACC CGG CAA 

A A a I R Q 

GCT GCT CAC ACC CGG CAA . . . 

A A 2 a T R Q 
GCT GCT CAC ACC CGG CAA 

wild-type pDM0454 



1 
3 



## 



# - spurious deletion of 1 codon within the cassette 
## - ambiguous sequence 
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IaizleJ32 

Senuenees of eluted nhaga after 3 rounds of seleetlve enrichment. 

5 All protein sequences should be of the form AA*TRQ, where * represents a 

randomised codon. In the table below, the randomised codons and amino acids are underlined 
and in bold. 

After round 3: 



1 V 






Sequence 










Mo nf 




















occurrences 








* 


* 














A 


A 


a 




rn 

T 


R 


Q 






15 


. . . GCT 


GCT 






ACG 


CGT 


CAG . . . 




2 # 




A 


A 


It 


a. 


T 


R 


Q 








. . . GCT 


GCT 




rnr 


ACC 


CGG 


CAA . . . 




2 


£,[) 


A 


A 


Q. 


a 


T 


R 


Q 








. . . GCT 


GCT 


C&G.. 




ACC 


CGG 






1 




A 


A 


Z 


a 


T 


R 


Q 








• • • GCT 


GCT 


ACQ. 




ACC 


CGG 






1 


25 






















A 


A 


& 


s. 


R 


Q 










- - . GCT 


GCT 




JSC 


CGG 


CAA 




1 






A 


A 


a 


a 


T 


R 


Q 






30 


. - . GCT 


GCT 






ACC 


CGG 


CAA 


1 


«* 




A 


A 


a 


£ 


R 


Q 










. . . GCT 


GCT 




JEZC 


CGG 


CAA 




1 




35 


A 


A 




S. 


R 


Q 










. . . GCT 


GCT 




.LCC 


CGG 


CAA 




1 





# - contaminating sequence from pDM0411 

## - contains the "illegal" codon CAT - T should not appear in the 3rd position of a 
40 codon. 



45 



62 



SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICT^T: Genentech, Inc. 

Garrard, Lisa J. 
Henner, Dennis J. 
Bass# Steven 
Greene, Ronald 
Lowman, Henry B. 
Wells, «Jaines A. 
Matthews, David J* 

(ii) TITLE OF INVENTION: Enrichment Method For Variant Proteins With 
Altered Binding Properties 

(iii) NUMBER OF SEQUENCES: 27 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Genentech, Inc.. 

(B) STREET: 460 Point San Bruno Blvd 

(C) CITY: South San Francisco 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94080 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 5.25 inch, 360 Kb floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: patin (Genentech) 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 03-DEC-91 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/743614 

(B) APPLICATION DATE: 09-Aug-91 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/715300 

(B) APPLICATION DATE: 14-June-91 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/683400 

(B) APPLICATION DATE: lO-Apr-91 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/621667 

(B) APPLICATION DATE: 03-Dec-199a 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Benson, Robert H. 

(B) REGISTRATION NUMBER: 30,446 

(C) REFERENCE/DOCKET NUMBER: 645P4 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 415/266-1489 

(B) TELEFAX: 415/952-9881 

(C) TELEX: 910/371-7168 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

5 

6GCAGCTGTG GCTTCTAGA6 TGGCGGCGGC TCTGGT 36 

10 (2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 
15 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

AGCTGTGGCT TCGGGCCCTT AGCATTTAAT GCGGTA 36 
(2) INFORMATION FOR SEQ ID NO: 3: 



20 



25 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
30 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
35 TTCACAAACG AAGGGCCCCT AATTAAAGCC AGA 33 

(2) INFORMATION FOR SEQ ID NO: 4: 

40 (i) SEQXraiNCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

45 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
CAATAATAAC G66CTAGCCA AAAGAACTGG 30 

50 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
55 (A) LENGTH: 24 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

60 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CACGACAGAA TTCCCGACTG GAAA 24 



65 



(2) INFORMATION FOR SEQ ID NO: 6: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 23 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CTGTTTCTAG AGTGAAATTG TTA 23 

(2) INFORMATION FOR SEQ ID NO; 7: 

(i) SEQUENCE CHARACTERISTICS; 
15 (A) LENGTH: 21 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

ACATTCCTGG GTACCGTGCA G 21 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS t 
(A) LENGTH; 63 bases 
30 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(xi) SEQUENCE DESCRIPTION; SEQ ID NOt8; 

35 

GCTTCAGGAA GGACAT6GAC NNS6TCNNSA CANNSCTGNN SATCGTGCAG 50 
40 TGCCGCTCTG TGG 63 

(2) INFORMATION FOR SEQ ID NO: 9; 

45 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 24 bases 

(B) TYPE; nucleic acid 

( C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
AAGGTCTCCA CATACCTGAG GATC 24 

55 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS; 
60 (A) LENGTH; 33 bases 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

65 (xi) SEQUENCE DESCRIPTION: SEQ ID NO; 10: 



ATGGACAAGG TGTCGACATA CCTGCGCATC GTG 33 
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15 



30 



55 



(2) INFORMATION FOR S£Q ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



GGCAGCTGTG GCTTCTAGAG TGGCGGCGGC TCTGGT 36 



(2) INFORMATION FOR SEQ ID NO: 12! 



(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

GGCAGCTGTG GATTCTAGAG TGGCGGTG6C TCTGGT 36 



(2) INFORMATION FOR SEQ ID NO: 13: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 12 amino acids 
35 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

40 Gly Ser Cys Gly Phe Glu Ser Gly Gly Gly Ser Gly 
1 5 10 12 

(2) INFORMATION FOR SEQ ID NO: 14: 

45 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

50 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
CGGACTGGGC AGATATTCAA GCAGACC 27 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 
60 (A) LENGTH: 38 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

65 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

CTCAAGAACT ACGGGTTACC CTGACTGCTT CAGGAAGG 38 
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(2) INFORMATION FOR SEQ ID NOrl6: 

5 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSs single 

(D) TOPOLOGY r linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
CGCATCGTGC AGTGCAGATC TGTGGAGGGC 30 

15 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 66 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 



GTTACTCTAC TGCTTTCAGG AAGGACATGG ACNNSGTCNN SACANNSCTG 50 

30 

NNSATCGTGC AGTGCA 66 



(2) INFORMATION FOR SEQ ID NO: 18: 

35 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 bases 

(B) TYPE: nucleic acid 
{cj STRANDEDNESS: single 

40 (D) TOPOLOGY; linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 



45 GATCTGCACT GCACGATSNN CAGSNNTGTS NNGACSNNGT CCATGTCCTT 50 



CCTGAAGCAG TAGA 64 

50 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 bases 
55 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

60 

GCCTTTGACA GGTACCAGGA GTTTG 25 



65 (2) INFORMATION FOR SEQ ID NO: 20: 



(i) SEQUENCE CHARACTERISTICS: 
CA) LENGTH: 33 bases 
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55 



60 



(B) TYPE: nucleic acid 

(C) STRANDEDNESSs single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:20: 

CCAACTATAC CACTCTCGAG GTCTATTCGA TAA 33 
(2) INFORMATION FOR SEQ ID NO: 21: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 66 bases 
15 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

TCGAGGCTCN NSGACAACGC GNNSCTGCGT GCTNNSCGTC TTNNSCAGCT 50 
25 GGCCTTTGAC ACGTAC 66 

(2) INFORMATION FOR SEQ ID NO: 22: 

30 (i) SEQUENCE CiJARACTERISTICS: 

(A) LENGTH: 58 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

35 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

GTGTCAAAGG CCAGCTGSNN AAGACGSNNA GCACGCAGSN NCGCGTTGTC SO 

40 

SNNGAGCC 58 
45 (2) INFORMATION FOR SEQ ID NO: 23: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 65 bases 

(B) TYPE: nucleic acid 
50 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

GTTACTCTAC TGCTTCNNSA AGGACATGNN SAAGGTCAGC NNSTACCTGC 50 
GCNNSGT6CA GTGCA 65 
(2) INFOR24ATION FOR SEQ ID NO: 24: 



(i) SEQUENCE CHARACTERISTICS: 
65 (A) LENGTH: 64 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

GATCTGCACT GCACSNNGCG CAGGTASNNG CTGACCTTSN NCATGTCCTT 50 
SNNGAAGCAG TAGA 64 

(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IiENGTHt 2178 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

ATGAAAAAGA ATATCGCATT TCTTCTTGCA TCTATGTTCG TTTTTTCTAT 50 
TGCTACAAAC GCGTACGCTG ATATCCAGAT GACGCAGTCC CCGAGCTCCC 100 
TGTCCGCCTC TGTGGGCGAT AGGGTCACCA TCACCTGCCG TGCCAGTCAG 150 
GATGTGAATA CTGCTGTAGC CTGGTATCAA CAGAAACCAG GAAAAGCTCC 200 
GAAACTACTG ATTTACTCGG CATCCTTCCT CTACTCTGGA GTCCCTTCTC 250 
GCTTCTCTGG ATCCAGATCT GGGACGGATT TCACTCTGAC CATCAGCAGT 300 
CTGCAGCCGG AAGACTTCGC AACTTATTAC TGTCAGCAAC ATTATACTAC 350 
TCCTCCCACG TTCGGACAGG GTACCAAGGT GGAGATCAAA CGAACTGTGG 400 
CTGCACCATC TGTCTTCATC TTCCCGCCAT CTGATGAGCA GTTGAAATCT 450 
GGAACTGCCT CTGTTGTGTG CCTGCTGAAT AACTTCTATC CCAGAGAGGC 500 
CAAAGTACAG TGGAAGGTGG ATAACGCCCT CCAATCGGGT AACTCCCAGG 550 
AGAGTGTCAC AGAGCAGGAC AGCAAGGACA GCACCTACAG CCTCAGCAGC 600 
ACCCTGACGC TGAGCAAAGC AGACTACGAG AAACACAAAG TCTACGCCTG 650 
CGAAGTCACC CATCAGGGCC TGAGCTCGCC CGTCACAAAG AGCTTCAACA 700 
GGGGAGAGTG TTAAGCTGAT CCTCTACGCC GGACGCATCG TGGCCCTAGT 750 
ACGCAAGTTC ACGTAAAAAG GGTATCTAGA GGTTGAGGTG ATTTTATGAA 800 



69 

AAAGAATATC GCATTTCTTC TTGCATCTAT GTTCGTTTTT TCTATTGCTA 850 
CAAACGCGTA CGCTGAGGTT CAGCT6GTGG AGTCTGGCGG TGGCCTGGTG 900 
CAGCCAGGGG GCTCACTCCG TTTGTCCTGT GCAGCTTCTG GCTTCAACAT 950 
TAAAGACACC TATATACACT GGGTGCGTCA GGCCCCGGGT AAGGGCCTGG 1000 
AATGGGTTGC AAGGATTTAT CCTACGAATG GTTATACTAG ATATGCCGAT 1050 
AGCGTCAAGG GCCGTTTCAC TATAAGCGCA GACACATCCA AAAACACAGC 1100 
CTACCTGCAG ATGAACAGCC TGCGTGCTGA GGACACTGCC GTCTATTATT 1150 
GTTCTAGATG GGGAGGGGAC GGCTTCTATG CTAT6GACTA CTGGGGTCAA 1200 
GGAACCCTGG TCACCGTCTC CTCGGCCTCC ACCAAGGGCC CATCGGTCTT 1250 
CCCCCTGGCA CCCTCCTCCA AGAGCACCTC TGGGGGCAGA GCGGCCCTGG 1300 
GCTGCCTGGT CAAGGACTAC TTCCCCGAAC CGGTGACGGT GTCGTGGAAC 1350 
TCAGGCGCCC TGACCAGCGG CGTGCACACC TTCCCGGCTG TCCTACAGTC 1400 
CTCAGGACTC TACTCCCTCA GCAGCGTGGT GACTGTGCCC TCTAGCAGCT 1450 
TGGGCACCCA GACCTACATC TGCAACGTGA ATCACAAGCC CAGCAACACC 1500 
AAGGTGGACA AGAAAGTTGA GCCCAAATCT TGTGACAAAA CTCACACAGG 1550 
GCCCTTCGTT TGTGAATATC AAGGCCAATC GTCTGACCTG CCTCAACCTC 1600 
CTGTCAATGC TGGCGGCGGC TCTGGTGGTG GTTCTGGTGG CGGCTCTGAG 1650 
GGT6GTGGCT CTGAGGGTGG CGGTTCTGAG GGTGGCGGCT CTGAGGGAGG 1700 
CGGTTCCGGT GGTGGCTCTG GTTCCGGTGA TTTTGATTAT GAAAAGATGG 1750 
CAAACGCTAA TAAGGGGGCT ATGACCGAAA ATGCCGATGA AAACGCGCTA 1800 
CAGTCTGACG CTAAAGGCAA ACTTGATTCT GTCGCTACTG ATTACGGTGC 1850 
TGCTATCGAT GGTTTCATTG GTGACGTTTC CGGCCTTGCT AATGGTAATG 1900 
GTGCTACTGG TGATTTTGCT GGCTCTAATT CCCAAATGGC TCAAGTCGGT 1950 
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GACGGTGATA ATTCACCTTT AATGAATAAT TTCCGTCAAT ATTTACCTTC 2000 
CCTCCCTCAA TCGGTTGAAT GTCGCCCTTT TGTCTTTAGC GCTGGTAAAC 2050 
CATATGAATT TTCTATTGAT TGTGACAAAA TAAACTTATT CCGTGGTGTC 2100 
TTTGCGTTTC TTTTATATGT TGCCACCTTT ATGTAT6TAT TTTCTACGTT 2150 
TGCTAACATA CTGCGTAATA AGGAGTCT 2178 

(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 237 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Met Lys Lys Asn lie Ala Phe Leu Leu Ala Ser Met Phe Val Phe 
15 10 15 

Ser lie Ala Thr Asn Ala Tyr Ala Asp He Gin Met Thr Gin Ser 
20 25 30 

Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr He Thr 
35 40 45 

« 

Cys Arg Ala Ser Gin Asp Val Asn Thr Ala Val Ala Trp Tyr Gin 
50 55 60 

Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu He Tyr Ser Ala Ser 
65 70 75 

Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Arg Ser 
80 85 90 

Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Gin Pro Glu Asp 
95 100 105 

Phe Ala" Thr Tyr Tyr Cys Gin Gin His Tyr Thr Thr Pro Pro Thr 
110 115 120 

Phe Gly Gin Gly Thr Lys Val Glu He Lys Arg Thr Val Ala Ala 
125 130 135 

Pro Ser Val Phe He Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser 
140 145 150 

Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg 
155 160 165 

Glu Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly 
170 175 180 

Asn Ser Gin Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr 
18S 190 195 

Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu 
200 205 210 

Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gin Gly Leu Ser 
215 220 225 
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Ser Pro Val Thr Lys Set Phe Asn Arg Gly Glu Cys 
230 235 237 

(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 461 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

Met Lys Lys Asn lie Ala Phe Leu Leu Ala Ser Met Phe Val Phe 
15 10 15 

Ser lie Ala Thr Asn Ala Tyr Ala Glu Val Gin Leu Val Glu Ser 
20 25 30 



Gly Gly Gly Leu Val Gin Pro Gly Gly Ser Leu Arg Leu Ser Cys 
20 35 40 45 

Ala Ala Ser Gly Phe Asn lie Lys Asp Thr Tyr lie His Trp Val 
50 55 60 

25 Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val Ala Arg lie Tyr 

65 70 75 



Pro Thr Asn Gly Tyr Thr Arg Tyr Ala Asp Ser Val Lye Gly Arg 
80 85 90 

Phe Thr lie Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr Leu Gin 
95 100 105 



Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ser 

35 110 115 120 

Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly Gin 

125 130 135 

40 Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser 

140 145 150 



Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr 
155 160 165 

Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val 
170 175 180 



Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr 
50 185 190 195 

Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser 
200 205 210 

55 Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr lie 

215 220 225 



Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys 
230 235 240 

Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Gly Pro Phe Val 
245 250 255 



Cys Glu Tyr Gin Gly Gin Ser Ser Asp Leu Pro Gin Pro Pro Val 

65 260 265 270 

Asn Ala Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Glu 

275 280 285 
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Glv Glv Gly Ser Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu 
29Q 295 300 

Glv Gly Gly Ser Gly Gly Gly Ser Gly Ser Gly Asp Phe Asp Tyr 
5 305 310 315 

Glu Lys Met Ala Asn Ala Asn Lys Gly Ala Met Thr Glu Asn Ala 
320 325 330 

10 Asp Glu Asn Ala Leu Gin Ser Asp Ala Lys Gly Lys Leu Asp Ser 

335 340 345 



15 



30 



Val Ala Thr Asp Tyr Gly Ala Ala He Asp Gly Phe He Gly Asp 
350 355 360 

Val Ser Gly Leu Ala Asn Gly Asn Gly Ala Thr Gly Asp Phe Ala 
365 370 375 



Gly Ser Asn Ser Gin Met Ala Gin Val Gly Asp Gly Asp Asn Ser 
20 380 385 390 

Pro Leu Met Asn Asn Phe Arg Gin Tyr Leu Pro Ser Leu Pro Gin 
395 400 405 

25 Ser Val Glu Cys Arg Pro Phe Val Phe Ser Ala Gly Lys Pro Tyr 

410 415 420 



Glu Phe Ser He Asp Cys Asp Lys lie Asn Leu Phe Arg Gly Val 

425 430 435 

Phe Ala Phe Leu Leu Tyr Val Ala Thr Phe Met Tyr Val Phe Ser 

440 - 445 450 



Thr Phe Ala Asn He Leu Arg Asn Lys Glu Ser 
35 455 460 461 
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What is claimed is: . 

1. A method for selecting novel binding polypeptides comprising; 

5 (a) constructing a replicable expression vector compriang 

a transcription regulatory element operably linked to 
a gene fusion encoding a bsion protein wherein the gene fusion comprises 
a first gene encoding a polypeptide, and 
a second gene encoding at least a portion of a 
10 phage coat protein; 

( b ) mutating the vector at one or more selected positions within the first gene thereby forming a 

family of related plasmids; 

(c) transfonning suitable host cells with the plasmids; 

15 

( d ) infecting the transfonned host ceils with a helper phage 

having a gene encoding the phage coat protein; 

(e) culturing the transfonned infected host cells under conditions 

20 suitable for forming recombinant phagemid particles containing at least a portion of 

the plasmid and capable of transforming the host, the conditions adjusted so that no 
more than a minor amount of phagemid particles display more than one copy of the 
fusion protein on the surface of the particle; 

25 ( f ) contacting the phagemid particles with a target molecule so that at least a portion of the 

phagemid particles bind to the target molecule; and 

( g ) separating the phagemid particles that bind from those that do not 

30 2. The method of claim 1 further comprising infecting a suitable host cells with the phagemid particles that 
bind and repeating steps (d) through (g). 

3. The method of claim 2 wherein the steps are repeated one or more times. 

35 4. The method of daim 1 wherein the expression vector further comprises a secretory signal sequence. 



5. The method of claim 1 wherein the transcription regulatory element is a promoter system selected 
from the group; /acZ, pho A, tryptophan, tac, Xpt bacteriophage T7, and combinations 
thereof. 
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6. Themetix)dofdaim 1 whereinthefirstgeneenoodesamammalim 

7. The method of dann 6 wherein the protein is selected from the group; 

5 growth hormone, human growth hormone(hGH). des^J-methionyl human yowth hormone. 

bovine growth hormone, parathyroid homione, thyroxine. insuBn A-chain. insUin B^ihain, 
proinsulin, teiaxin A-chain, reiaxin B-chain. prorelaxin. foilide stimulating honnone(FSH), 
thyroid stimulating hormonefTSH). leulinizing homione(LH). glycoprotein honnone receptors, 
calcitonin, glucagon, factor VIII, an antibody, lung surfactant urokinase, streptokinase, human 

1 0 tissue-type plasminogen aotivalor (t-PA), bombesin, factor IX, thrombin, hemopoietic growth 

factor, tumor necrosis factor-alpha and -beta, enkephaTinase, human serum albumin, mullerian- 
InhibiHng substance, mouse gonadotropin-assodated peptide, p-lactamase, tissue factor 
protein, inhibfn. aciivin. vascular endothefial growth factor, integrin receptors, thrombopoietin, 
protein A or D. rheumatoid factors, NGF-p, platelet-growth factor, transfomiing growth 

1 5 factor : TGF-«ipha and TGF-beta, insuiinJike growth factor-l and -II. insuDn-like growth 

factor binding proteins . CD-4, DNase. latency associated pept'de, erythropoietin, HER2 
ligands. osteoinductive factors, interferon-alpha. -beta, and -flamma. colony stimulating 
factors (CSFs). M-CSF, GM-CSF. and G-CSF, interleukins (ILs), IL-1, IL-2, IL-3, IL-4. 
superaxkle dismutase; decay accelerafing factor, viral antigen. HIV envelope proteins GP120 

20 and GP140, atrial natriuretic peptides A, B. or C, or immune globulins, and fragments of the 

above-listed proteins. 

8. The method of claim 7 wherein the protein is a human protein. 

25 9. ThemethodofclaimSwhereinlheproteincomprisesmorethanabout lOOaminoacidresidues. 

10. The method of claim 1 wherein the protein comprises a plurality of rigid secondary stmctures displaying 

amino adds capable of interacting with the target, and the mutations are primanly produced 
at positions corresponding to codons encoding the amino adds. 

30 

11. The method of daim 10 wherein the rigid secondary stmctures comprise structures selected from the 

group; a-(3.6i3)helix, 3io helix. ic-(4.4i6)helix, parallel and anti-parailel p-pleated sheets, 
reverse turns, and non-ordered structures. 

35 12. Theraethodofdaim10vrfiereinthemutationsarepro(hjcedatmorelhanonecodbn. 



13. The method of daim 12 where&i the mutations are produced on more than one rigid secondary structure. 
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The method of daim 1 wherein the helper phage is selected from the group M13K07, M13R408. M13- 
VCS.andPhiX174. 

The method of daim 14 wherein the helper phage is M13K07 and the coat protein is the M13 phage gene 
III coat protein. 

The method of claim 15 wherein the host is £ oolL 

The method of daim 16 wherein the plasmid is under tight control of the transcription regulatory 
element. 

The method of daim 17 wherein the amount is less than about 1%. 

The method of daim 18 wherein the amount is less than 20% the amount of phagemid particles displa^ng 
a single copy of the fusion protein. 

The mettod of daim 19 wherein the amount is less than 10%. 

The method of daim 1 further comprising in step (a), inserting a DNA triplet, encoding an mRNA 
suppressible temrtinator codon between said first gene encoding a pol^eptide. and said 
second gene encoding at least a portion of a phage coat protein. 

The method of daim 21 wherein said mRNA suppressible temiinator codon is selected from the 
following: UAG (amber), UAA (ocher) and UGA (opel). 

The method of daim 22 wherein said suppressible mutation results In the detectable production of a 
fusion polypeptide containing sadi polypeptide and said coat protein when said exfi^sston 
vector is grown in a suppressor host cell; and, when grown in a non-suppressor host cell said 
polypeptide is synthesized substantially without fusion to said phage coat protein. 

A human growth homfione variant wherein hGH amino acids 1 72, 174, 1 76 and 1 78 respectively are as a 
group sequentially selected from one of the following: {1)R,S,F,R; (2)R,A,Y,R; (3)K,T,Y.K; 
(4)R.S.Y,R; {5)K,A,Y.R; (6)R,F,F,R; (7)K,Q,Y,R; (8) R,T,Y.H; {9)Q.R.Y,R; (10)K,K,Y,K; 
(11)R.S,F,S;and {12)K,S,N,R. 

A phagemid comprising a replicable expression vector comprising a transcription regulatory element 
operabty linked to a gene fusion encoding a fusion protein wherein the gene fusion comprises a 
first gene encoding a polypeptide, and a second gene encoding at least a portion of a phage 
coat protein, wherein a DNA triplet codon encoding an mRNA suppressive terminator codon 
selected from UAG, UAA and UGA is inserted between the fused ends of the first and second 
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genes, or is substituted for an amino acid encoding triplet codon adjacent to ttie gene fuaon 
junction. 

26. The phagemid of dam 25 wlierein saidfirstgene encodes a mammal'an protein. 

5 

27. Thephagemidofdaim26whefein(heproteinisselecledfromthegroup:gi^ 

growth hormone (hGH), des-N-melhionyl human growth hormone, bovine growth homione. 
parathyroid homione. thyroxine, insulin A-chain, insulin B^iiain, proinsulin, relaxin A-chain, 
relaxin B-chaIn, prorelaxin. foliide sfimulaling hormone (FSH), thyroid stimuiating honnone 

1 0 (TSH), leufinizing hormone (l-H), glycoprotein hormone recefrtors, caldtorBn, glucagon, factor 

Vill, an antibody, lung surfactant urolwiase, streptokinase, human tissue-type plasminogen 
acfivator (t-PA), bombesin, factor IX, thrombin, hemopoietic growth factor, tumor necrosis 
factor-alpha aretbefa, enkephalinase, human semm albumin, miilerian-Sihibifing subsfanoe, 
mouse gonadotropin-assodated pepfide, p-lacfamase, tissue fartor protein, inhibin, activin, 

1 5 vascular endothelial growth factor, integrin receptors, thrombopofetin, protein A or D, 

rheumatoid factors. NQF-p, platelet-growth factor, transfomiing growth factor; TGF-alpha 
and TGF-bete, insulin-Ska growth-! and -II, Insulin-like growth factor binding proteins, CD-4, 
DNase, latency associated peptide, erythropoietin, osteolnducSve factors, hteiferon-alpha, - 
befa, and -gamma, colony stimuteiing factors (CSFs), M-CSF, GM-CSF, and G-CSF, 

2 0 interleukins (ILs), IL-1 , IL-2, n.-3, IL-4, superoxide dismufase; decay accelerating factor, viral 

antigen. HIV envetope proteins GP120 and GP140. atrial natriuretic peptides A, B or C 
Immuno gtobulins, and fragments of the above-listed proteins. 

28. The phagemid of claim 27 wherein said protein is a human protein. 

25 

29. The phagemid of dalm 28 wherein fte protem comprises more than about 100 amino add residues. 

30. The phagemid of daim 25 wherein said protein comprises a plurality of rigid secondary structures 

displaying amino adds capable of interacting with the target 

30 

31. The phagemid of daim 30 wherein saM rigid seconder strudures comprises stwclures selected from 

the group; a-{3.6i3)helix, 3io helix, ji-{4.4i6)hellx, parallel and anti-parallel p-pleated 
sheets, reverse turns, and non-ordered stroctures. 

35 32. The phagemid ofdaim 25 wherein the helper phage is selected from the group M13KO7,M13R40B, 
M13-VCS,andPhiX174. 



33. 



The phagemkl ofdaim 32 wherein the helper ph^ is M13K07 and the coat protein is the M13 phage 
gene 111 coat protein. 
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34 . The phagemid of claim 33 wherein the host is the £ cx)// wild type or suppressor type. 

35. The phagemid of dalm 34 wherein the plasmid is under tight control of the transcription regulatory 
5 element 

36. The phagemid of daim 35 wherein the number of phagemid particles displaying more than one copy of 

the fusion protein on the surface of the particles is less than 1%. 

1 0 37. The phagemid of claim 36 wherein said mmber of phagemid particles is less than al)Out 10%. 

38. The phagemid of claim 37 wherein the number of phagemid particles is less than about 20%. 

39. A himan growth variant wherein hGH amino acids 10, 14, 18, and 21 respectively are as a group 
1 5 sequentially selected from one of the following: 

(1 )H,G.N,N; (2)A,W,D.N; {3)F,S,F,L; (4)Y J.V,N and (5)I,N,I.N. 

40. A human grov* variant wherein hGH amino acids 174 is serine and 176 is tyrosine and hGH amino adds 

167, 171, 175 and 179 respectively are as a group sequentially selected from one of the 
20 following: 

(1)N,S.TJ; {2)E.S,T,I; (3)K,S,T,L; (4)N,N.TJ; (5) R,D,I,I; and (6)N,S,T,Q. 

41 . A method for selecting novel binding polypeptides comprising 

(a) constmcdng a replicable expression vector comprising a 

25 transcription regulatory element operably linked to DNA encoding a protein of 

interest containing one or more subunits, wherein the DNA encodng at least one of 
the subunits is fused to the DNA encoding at least a portion of a phage coat protein; 

( b ) mutating the DNA encoding the protein of interest at one or more selected positions thereby 
3 0 forming a family of related vectors; 

(c) transforming suitable host cells with the vectors; 

( d ) infecting the transformed host cells writh a helper phage having a gene encoding the phage 
35 coat protein; 

(e) cutturing the transformed infected host cells under conditions suitable for forming 

recombinant phagemid particles containing at least a portion of the plasmid and 
capable of transforming the host, the conditions adjusted so that no more than a 
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minor amount Of phagemid partides display more than one copy of the fusion protein 
on the surface of the parfide; 

(f) contacting the phagemid partides with a target molecule so that at least a portion of the 
5 phagemid partides bind to the target molecule; and 

(g) separating the phagemid partides that bind from those that do not 

42. The method of claim 41 wherein the expression vector further comprises a secretory signal sequence 
-1 0 operaMy linked to the DNA encoding each subunit of the protein of interest 

43 . The method of claim 42 wherein the protein of interest is a mammalian protein. 

44 . The method of daim 43 wherein the protein of interest is selected from the group; 

i 5 insulin, relaxin. foilide stimulating hormone (FSH), thyroid stimulating hormone (TSH), 

leufinizing hormone (tH). ^ycoprotein hormone receptors, monodonal and polydonal 
antibodies, lung surfactant, integrin receptors, insulin4ike growth factor-l and -II, and 
fragments of the above-listed proteins. 

20 45 . The method of daim 44 wherein the protein of interest is a humanized antibody. 

46. The method of clam 45 wherein the protein of interest is a humanized Fab fragment capable of binding 
to the HER-2 receptor (human epidermal growth factor receptor-2). 

25 47 A human growth hormone (hGH) variant wherein hGH amino add glutamatei74 is replaced by serinei74 
and phenylalanine! 76 is replaced by tyrosinei76 and one or more of the eight naturally 
occumng hGH amino adds F10, M14, HIS. H21 , R167, D1 71, T175 and 1179 are replaced by 
another natural amino ackl. 

30 48 The hGH variant of daim 47 wherein the eight naturally occurring hGH amino adds F10, M14, HIS, H21, 
R167, D171 , T175and 1179 respectively are as a grouf^ replaced with a corresponding amino 
add sequent^ly selected from one of the following groups: 
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G, 


N, 




N, 




T, 
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(2) 
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N, 
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E, 






I; 


(3) 


H, 




N, 


N, 




N, 


T, 


T; 


(4) 


A, 


w. 


D, 


N, 


N, 


s. 


T, 


T; 


(5) 
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w. 
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N, 


E, 


s. 


Tr 
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w. 
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(7) 




s. 
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s. 
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Tf 


T; 
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(21) 
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49. The method of claim 48 wherein said human growth homione variant (1 1) further contains leudneis replaced 

by arginineis and lysineies replaced by arginineies- 

15 

50. The method of daim 48 wherein said human growth homione variant (40) further contains phenylalaninei76 



51 . A method for selecting novel binding polypeptides comprising: 



20 (a) constructing a replicable expression vector comprising 

a transcription regulator element operably linked to 

a gene fusion encoding a fusion protein wherein the gene fusion comprises 

a first gene encoding a polypeptide operable connedted to a linking amino 

acklsequenoe, and 

25 a second gene encoding at least a portion of a 

phage coat protein; 

( b ) mutating the vector at one or more selected postttons within the amino add Dnking se(]uence of 
the first gene thereby fonning a family of related plasmids; 

30 

(c) transfonning suitable host cells with the plasmkls; 



( d ) infecting the transfomied host cells with a helper phage 

having a gene encoding the phage coat protein; 

35 

(e) culturing the transfonned infected host cells under conditions 

suitable for forming recombinant phagemid particles containing at least a portton of 
the plasmid and capable of transfonning the host, the conditk)ns adjusted so that no 
more than a minor amount of phagemkl partk:!^ display more than one copy of the 
4 0 fusion protein on the surface of the particle; 



(f) 



contacting the phagemkl particles with a target molecule so that at least a portion of the 
phagemid particles bind to the target molecule; and 
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(g ) contacting ttw bound ptiagemid parfides with a protease capable of hydrolysing the linking a 
aminio aad sequence of at least a porBon of the bound phagmid partides, and 

5 (h) isolating the hydrolyzed phagmid particles. 

52. The method of cfaim 51 further comprising infecting suitable host ceBs with the hydrolyzed phagemid 
particles and repeating steps (d) through (h). 
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